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Golder Associates
CONSULTING GEOTECHNICAL AND MINING ENGINEERS
0
- RECEIVED
TRANSMITTAL LETTER iPR 13 1987
'Ui“ ﬁ?& REGION ¥
nENT DIVISION
HAZMWS WASTE ENFORCEMENT Baangy
To U.S. Environmental Protection Agency Date 4-10-87

230 South Dearborn Street
Chicago, IL 60604

Project No. 863-2041

ATTN: Brad Bradley
Sent by
O Mail O Under Separate Cover
KX Air Freight XX Enclosed
O Hand Carried
Quantity ltem Description
UPFREEZ5Y Output Manville Waukegan, I11inois, Upfreezing
1 a) 2 Feet Effective Cover Thickness Analysis
particle size
1 b) 0.1 Feet Effective
particle size
1 Graphical Analysis
and Summary (2 sheets)
Remarks

As discussed 4-8-87 during conference call.

Per

C. Vita
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Er R E RS PROGRAM UPFREEZSY #H i StH-HHEEHHHHEHHH

SAVED UNDER FILE NAME: UPFi-5Y DATE: 04-08-1987
TIME: 11:41:56

PROBABILISTIC GEOTECHNICAL THERMAL ANALYSIS
1-LAYER FINE-GRAINED CDVER SYSTEM

MODIFIED BERGGREN EQURTION WITH KERSTEN K'S
PROPERTIES OF COVER

COVER LAYER DRY DENSITY=100 PCF, WATER CONTENT =20.3% (80% SAT}  100% 5=25. 4%
AVERRGE HEAVE STRAIN = 10% TD 50X

FRACTION OF HEAVE NOT RECOVERED ON THAWING (R) = 0.10 TD 0.50
LAMBDR¥SORIN-FACTOR]: AV6=0.48; 5D=0.00

{COVER AND WASTE PILE USE THE SAME WALLES)

PROPERTIES OF WASTE PILE

FINE-GRAINED SOIL

UNERDZEN DRY DENSITY = 100, [PCF), WATER CONTENT = 20% (80% SAT)  100% S=25.4%
AVERAGE HEAVE STRAIN = 10% TO 50

FRACTION OF HEAVE NOT RECOVERED ON THAWING (R) = 0.10 T0 0.50

THERMAL LOAD INFORMATION
FREEZE INDEX (FI) FDR WAUKEKBAN ASSUMED LOGNORMAL WITH MEAN & STANDARD DEVIATION

FROM HISTORICAL DATR 1349-50 TO 1984-85 EXCEPT 1982-83 {TOTAL = 35 YEARS)
LOGNORMAL FREEZE INDEX (THERWAL LOAD): MEAN=848, MEDIAN=800, SD=320, Cv=0, 378,

SDILN F1)=0, 365, SKEWNESS=1.277 HOMEVER:
CONSERVATIVE LOGNDRMAL ENVELOPE USED FOR FREEZE INDEX: MEDIAN = 875, MEAN = 935
SDILN FIT =0.365

ALL YEARS HAVE HISTORICAL FI FREGQUENCY (= FORCASTED (PREDICTED) PROBABILITIES
(1983-84 [FI=1200] LIES ON THE ENVELDPE ALL OTHER YEARS ARE BELOW)

OBJECT UPFREEZING INFORWATION—EQUATION: U= (X-A-T) ¢S e R & c £ Aqu 'I“" k_n«aﬂ"*‘ o2
UPFREEZING ASSUMPTIONS:
X - A) 15 EPS.IF = aooFT/'f“" ) "}L Y

@ EFFECTIVE PARTICLE SIIE ¢
AVERAGE HEAVE STRAIN {S) = 10X TO 50 %
FRACTION OF HEAVE NOT RECOVERED ON THAWING (R) = 0.10 TO 0.50

EFFECTIVE NUMBER OF COMPLETE FREEZE THAW CYCLES (C) = NUMBER OF FREEZE SEASONS “w
(YEARS) ¢ P.H3 am;,c pa«bza_
#NOTE: BOTH C AND P,H3 ARE DEPTH DEPEMDENT



S5=10% F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1987
WANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#H#H YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINRRY RESULTS s##ssd

DBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERWAL LOAD FREEZE INDEX (F1): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.iN=. 365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3X (80% SAT) Kt=0. 81
FROZEN DRY DENS. = 90 PCF, WATER CONT.= 29.7% C/L=.0085 L=3658 KF=1.15

K3 = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = NRSTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20,3% (B0% SAT) Kt=0. 81
FROIEN DRY DENS. = 90 PCF MATER CONT.= 29.7% C/L=.0085 L=3658 KF=1.13

BON.-JOVER AND WASTE PILE USE HERVE STRAIN, S = 10%, 95x OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.10,
LAMBDA£SARIN-FACTOR] = .48 (AVE} .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, Rf.3=0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR DBJECT UPFREEZING FROM H1 (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.

CONSERATIVE FOR ALL DBJECTS HAVING (X-) ( 1.10 FT <

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STANDARD DEVIRTION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP,YRS EXCEEDS 100 YEARS

[ ]

COVER THERMAL PROPERTIES IN H3 (R1.3=t) WST'PILE
FT  DEG#DAYS PROB. YEARS PROB.X  YEARS FT  YERRS
HI™CAVEECVE FPAVBECYX  FPY  LP.YRS CVX LBOND ABD R100 DELTA H3M DELTA

1.0 408 14 .976 1.9 1 201 0.3 200 50 100.00 M .4 A
1.1 493 14,931 A9 { 252 1.0 250 55 100,00 59 .3 N
f.2 587 14 .851 9.9 1 23 2.4 315 60 100.00 81.3 80
1.3 689 14 .737 16.7 i 422 5.2 401 65 100.00 119 .3 118
1.4 799 14 .601 24.6 2 571 9.4 518 70 100,00 179 .2 178
1.5 917 14 .463 2.9 2 802 15.2 680 735 100,00 28 .2 a8t
1.6 1044 14 ,337 41.2 4 1180 22.6 914 80 100,00 474 .2 A72
1.7 1178 14 ,233 49.0 5 1836 31.0 1267 85 99.99 839 .2 834
1.8 1321 14,154 56.1 9 3033 39.9 1822 90 99.98  I554 .2 1543
1.9 1472 14 ,097 62.3 17 5307 48.6 2728 35 .93 29%5.2 2977
2.0 1630 i4 .059 67.8 31 9786 56.5 4233 100 100,00  5%4 .2 5927
2.1 1798 14 ,035 72.4 60 18732 63.4 6839 105 100.00 11927 .1 11909

2.2 1973 14,020 76.4 119 36905 69.1 11385 110 100,00 24420 .1 24380
2.3 2156 14 .011 79.8  2M 74700 74.0 19442 115 100,00 51171 .1 51088
2.4 2348 14 ,006 82.6 512 154943 78.0 34115 120 100.00 109325 .1 109145
2.5 2548 14 .003 85.0 1033 326284 81.3 61372 125 100.00 237345 .1 238955



S=10% F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEISY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
ser#es YEARS TO UPFREEZE OBJECTS THRU COVER —- PRELIMINARY RESILTS ###ess

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (F1): LOGNORMAL W/ MEDIAN = B75 MEAN = 935 SD.LN=. 365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-BRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20, 3% (B0X SAT) Ku=0. 81
FROZEN DRY DENS. = 90 PCF, WATER CONT.= 29,71 C/L=,0085 L=3658 KF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20, 3% (80% SAT) Ku=0, 8§
FROZEN DRY DENS, = 90 PCF WATER CONT.= 29.7% C/L=,0083 L=3638 KF=1.15

BOTH COVER AND WASTE PILE USE HERVE STRRIN, S = 104, 95¢ OF WX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0,20,
LAMBDASSORIN-FACTOR] = .48 (AVB) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR HI PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING {X-A) ( 1,10 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = | STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (RL.3=1) WST'PILE
F1.__ DEGEDAYS PROB. YEARS PROB.X  YEARS FT  YEARS
1 TCAVGLCVE FPAVGICVE  FPY  UP.YRS CV% LBOND ABD R100 DELTA H3d DELTA

H

1.0 408 14 .976 1.9 i 100 0.3 100 25 93.20 2 .4 &
1.1 493 14,931 4.9 1 126 1.0 125 28 100.00 29 .3 29
1.2 587 14 .851 9.9 1 i61 2.4 157 30 100.00 40 .3 LY
1.3 689 14 737 16.7 1 2il 5.2 200 33 100.00 60 .3 39
1.4 799 14 601 24.6 2 286 9.4 259 35 100.00 83 .2 89
1.5 917 14 463 R.9 2 401 15.2 340 38 100.00 141 .2 141
1.6 1044 14 ,337 41,2 4 3% 22.6 457 40 99.99 237 .2 236
1.7 1178 14 .233 49,0 6 918 31.0 633 43 9.% 413 .2 M7
1.8 1321 14,154 56,1 9 1516 39.9 911 45 93.79 77 .2 73
1.9 1472 14 .097 62.3 17 cb34 48.6 1364 48 99.78 1497 .2 1488
2.0 1630 14 .059 67.8 3 4893 56.5 2127 50 99.84 2982 .2 2963
2.1 1798 14,035 72.4 80 9366 63.4 3430 53 99.30 5%4 .1 5954
2.2 1973 14 ,020 76.4 119 18453 69.1 5693 55 99.95 12210 .1 12190
2.3 2156 14,011 79.8 244 37350 74.0 9721 58 99.97 25586 .1 25544
2.4 2348 14 ,006 82,6 512 77474 78,0 17058 60 99.99 54663 .1 54573
2.5 2548 14,003 85,0 1033 164142 81.3 30686 62 99.99 118673 .1 118477



S=10x F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES —- PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
sHeeE YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #e#sss

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LDGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 365

H1 = DEPTH OF COVER ABOVE (BJECT, STARTING AT Hi=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS,=100 PCF, WATER CONT.= 20.3% (B0% SAT) Ku=0. 81
FROZEN DRY DENS. = 90 PCF, WATER CONT.= 29.7X C/L=,0085 L=3658 KF=1.15

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) KU=0. 81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 23.7% C/L=.0085 L=3658 KF=1.15

BOM-COVER AND WASTE PILE USE HEAVE STRAIN, S = 10, 954 OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDAESORIN-FACTOR] = . 48 (AVB) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3<0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR Hi PROPS IN H3) BUT
CORRECT UP, YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DBJECTS HAVING (X-R) ( 1,10 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIRTION LOWER BOUND {LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE
FT  DEG#DAYS PROB. -—————— YEARS —————— PROB.X  YEARS FT  YEARS
Hi “TEAVEICVX FPAVGACVY  FPY  UP.YRS CVX LBOND ABD R100 DELTA H3¥ DELTA

1.0 408 14 .976 1.9 1 67 0.3 &7 17 0.00 15 .4 13
1.1 493 14 .931 A9 i 84 1.0 83 18 (.00 20 .3 20
1.2 587 14 .851 9.9 1 108 2.4 105 20 93.78 27.3 a7
1.3 689 14 .737 16.7 ! 141 5.2 134 22 100,00 40 .3 39
1.4 799 14 .60] 24.6 2 190 9.4 173 23 100,00 60 .2 9
1.5 917 14 .463 2.9 2 267 13.2 227 25 100,00 % .2 94
1.6 1044 14 337 41.2 4 393 22.6 305 27 9.9 158 .2 157
1.7 1178 14 .233 49.0 6 612 31.0 422 28 .76 280 .2 278
1.8 131 14 .14 56.1 9 1011 39.9 607 30 9.5 518 .2 515
1.9 1472 14 ,097 62.3 17 1769 48.6 903 32 99.54 998 .2 9%
2.0 1630 14,039 67.8 31 3262 56.5 1418 33 99.67 1988.2 1976
2.1 1798 14 .035 72.4 60 6244 63.4 2286 3B N.79 396 .1 3970
2.2 1973 14 .020 76.4 119 12302 69.1 3795 37 99.89 Bi140 .1 8127
2.3 2156 14 .01] 79.8 244 24900 74.0 6481 38 99.94 17057 .1 17029
2.4 2348 14,006 82.6 512 51650 78.0 11372 40 99.97 36442 .1 36382
2.5 2548 14 ,003 85.0 1093 109428 81.3 20457 42 99.99 79115 .1 78985



S=102 F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEISY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT MASTE PILE
et YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS s

DBJECTS HAVE (X - A) = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKMNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT) — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0. 81
FROZEN DRY DENS, = 90 PCF, WATER CONT.= 29.7% C/L=.0085 L=3658 KF=!.15

H3W = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WRTER CONT.= 20, 3% {B0% SAT) KU=0, 81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7% C/L=.0085 L=3558 KF=1.13

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, § = 10%, 954 OF MAX L
HEAVE FRACTION NOT RECOVERED ON THOMING, F = 0,49,
LAMBDA#SORIN-FACTOR) = .48 (AVB) .00 (SD)
ESTIMATES USE MOD. BERGGREN EDU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1.3=0,00

FPY = RVG YEARS TO FIRST FROST PENETRATION TO DEPTH Hi AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR ORJECT UPFREEZING FROM H1 {(FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-R) ( 1.10 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE {(+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
RBD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.LF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

won

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

b __~-DEGEDAYS PROB. YEARS PROB.X  YEARS FT  YEARS
HI TCAVGLCVX FPAVGECVX FPY  UP.YRS CVi LBOND ABD R100 DELTA H3M DELTA
1.0 408 14 .976 1.9 1 5 03 50 13 0.0 11 .4 11
1.1 493 14 .93 4.9 1 63 1.0 63 14 0,00 15.3 15
1.2 587 14 .B851 9.9 i 81 2.4 79 15 0,00 20 .3 20
1.3 689 14 .737 16.7 i 106 5.2 100 16 84,84 30.3 30
1.4 799 14 .601 24.6 2 143 9.4 129 18 99.93 45 .2 45
1.5 917 14 .463 32.9 2 200 15.2 170 19 99,95 n.e 70
1.6 1044 14 ,337 41,2 4 295 2.6 228 20 99.83 118 .2 118
1.7 1178 14 .233 49.0 6 459 3.0 317 2l N.% 210 .2 209
1,8 1321 14 .154 56.1 9 758 33.9 455 23 99.26 389 .2 386
1.9 1472 14 .097 62.3 17 1327 48.6 682 24 99.29 749 .2 Th4
2.0 1630 14 .059 67.8 31 2447 56.5 1063 25 99.49 1491 .2 1482
2.1 1798 14,035 72.4 60 4683 63.4 1715 2 93.69 2%82.1 2977
2.2 1973 14 .620 76.4 118 8226 69.1 oB46 28 99.83 6105 .1 6095
2.3 2156 14 .011 79.8 244 18675 74.0 485! 29 99.91 12793 .1 12772
2.4 2348 14 ,006 82,6 512 38737 78.0 83529 30 99.95 27331 .1 27286
2.3 2048 14,003 85,0 1093  B207! B1.3 15343 31 99,98 59336 .1 5923



8=10x F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEBAN, ILL PLANT WASTE PILE
14 YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #siss

DBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.LF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT Hi=TCT [FT1 — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (B0% SAT) Ku=0. 81
FROIEN DRY DENS. = 90 PCF, WATER CONT.= 29.7% C/L=.0085 L=3658 KF=1.13

H3M = OBJECT LENSTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0. 8}
FROIEN DRY DENS. = 90 PCF WATER CONT.= 29.7% C/L=.0085 L=3658 KF=1.13

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 10%, 95% OF WAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDA®SGRIN-FACTOR] = .48 (RVE) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND ¢ 0X - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R{.3<0.00

FPY = AV6 YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIDD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR Hi PROPS IN H3) BUT
CORRECT UP. YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DBJECTS HAVING (X-A) ( 1.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEIE THRU COVER
LBOND = 1 STANDARD DEVIATION LDWER BOUND (LB),
ABD = ABOND = ABSDLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

FV-DESH}QYS PROB. YEARS PROB.X  YEARS FT  YEARS
Hl TCAVGICVX FPAVGECVX FPY UP,YRS CVX LBOND ABD R100 DELTA H DELTA
1.0 408 14 .976 1.9 1 4 0.3 40 10 0.00 9.4 9
f.1 433 14,931 4.9 1 51 L0 50 1f 0.00 12 .3 12
1,2 587 14 .851 4.9 1 65 2.4 B3 12 0.00 16 .3 16
1.3 689 14,737 16.7 1 84 5.2 80 13 0.0 24 .3 24
1.4 799 14 .601 24.6 2 114 9.4 104 14 90.81 36 .2 36
1.5 917 14 .463 3.9 2 160 15.2 136 15 93.33 % .2 %
1.6 1044 14 ,337 41.2 4 23 22.6 183 16 99.47 5.2 94
1.7 1178 14 ,233 43,0 6 367 31.0 253 17 9316 168 .2 167
1.8 1321 14 .154 56.1 9 607 39.9 364 18 WB. R 3 .2 30
1.9 1472 14 097 82.3 17 1061 48.6 546 19 99.03 599.2 395
2.0 1630 14 ,059 67.8 31 1957 56.5 851 20 99.31 1193.2 1185
2.1 1798 14 .035 72.4 60 3746 63.4 1372 21 99.58 2385 .1 238
2.2 1973 14 ,020 76.4 119 7381 69.1 2277 22 99.76 4884 .1 4876
2.3 2156 14 ,011 79.8 244 14940 74.0 3888 23 99.88 10234 .1 10218
2.4 2348 14 ,006 82.6 512 30990 78.0 6823 24 99.94 21865 .1 21829
2.5 2548 14 .003 85.0 1093 65637 B1.3 12274 25 99.97 47469 .1 47391



8=20% F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#Ee68£ YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #eesis

OBJECTS HAVE (X - A} = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—-BOTTOM OF COVER OF TOTAL THICKMNESS = TCT

THERMAL LORD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = B75 MERN = 935 SD.LN=. 363

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS,=100 PCF, WATER CONT.= 20.3% {B0% SRT) Ku=0. 81
FROZIEN DRY DENS. = 80 PCF, WATER CONT.= 37.7% C/L=.0076 L=4124 KF=1.18

K3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X SAT) KU=0, 81
FROZEN DRY DENS. = B0 PCF WATER CONT.= 37.7% C/L=,0076 L=4124 KF=1,18

N—
BOTH COVER AND WARSTE PILE USE HEAVE STRAIN, S = 20%, 951 OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0,10,
LAMBDA£SORIN-FACTOR] = .48 (AVB) .00 (SD)
ESTINATES USE MOD. BERGGREN EOU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, Ri.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH Hl AND RETURN PERIDD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DBJECTS HAVING (X-A) ( 0.90 FT
FOR HI=TCT: UP.YRS IS5 AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBARILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (Rf.3<l) WST'PILE
FI~—-DEG*DAYS PROB. -——————— YERRS ——————— PROB.% YEARS FT  YEARS
HI TCAVGICVX FPAVGECVX  FPY  UP.YRS Cvi LBOND ABD R100 DELTA H3M DELTA

{.0 533 14 .901 6.8 1 140 1.5 138 25 100.00 39.3 38
1.1 BAS 14 .789 13.6 H 189 3.9 181 28 100.00 8.2 58
1.2 767 14 .640 22.3 e 262 8.1 241 30 100.00 % .2 89
1.3 900 14 .482 31.8 2 383 14,5 328 33 100,00 152 .2 151
1.4 1044 14 .336 41.3 4 598 22.9 461 3/ 99.93 28 .2 en
1.5 1199 14 .220 30.1 6 1010 32.8 679 38 99.87 S46 .2 42
1.6 1364 14 .135 38.0 11 1829 42,9 1045 40 99.75 1091 .1  10%0
1.7 1540 14 .079 64.8 a2 3505 52.3 1672 43 99.78 2262 .1 2258
1.8 1726 14 .044 70,5 45 7091 60.6 2793 A5 99,86 4309 .1 4899
1.9 1923 14 .024 75.4 98 15081 67.6 4880 48 99.93 11070 .1 11046
2.0 2131 14,012 79.4 22! 33490 73.4 B3 50 99.9% 25749 .1 25694
2.1 23%0 14,006 82.6 515  T7077 78.1 16831 53 99.98 61427 .1 61295
2.2 2579 14 .003 85.4 1229 182570 81.8 33163 55 99.99 149558 .1 143237

2.3 2818 14 .00 B7.6 2931 442405 B84.8 67031 58 100.00 37011t .1 369323
2.4 3069 14 .001 89.5 7402 1091336 87.3 %138810 60 100,00 927732 .1 92579

2.5 3330 14 .000 91.0 18535 2729636 89.3 %293263 62 100.00 2348848 .1 234398



S=20% F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#4444 YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #sesir

DBJECTS HAVE (X - A) = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = B70 MEAN = 935 SD.LN=. 365

Hl = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7% C/L=.0076 1=4124 KF=1.18

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20,3X (80X SAT) Ku=0. 81
FROZEN DRY DENS. = B0 PCF WATER CONT.= 37.7% C/L=.0076 L=8124 KF=1.18

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, § = 20%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA*SORIN-FACTOR] = .48 (RVE) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + O% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0,00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH Hi AND RETURN PERIDD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-R} ( 0,90 FT
FOR HI=TCT: UP,YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = | STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3<1) WST'PILE

_ “DEGEDAYS PROB. ————— YEARS ——————— PROB.%  YEARS FT  YEARS
1 TCAVBICVX FPAVBICVX FPY UP.YRS CVX LBOND ABD R100 DELTA H3M DELTA
533 14 .901 6.8 1 70 1.5 69 13 0.00 19.3 19

645 14 .789 13.6 1 9% 3.9 91 14 6.13 29 .2 &9
767 14 .6A0 22.3 2 {31 8.1 120 15 99.83 45 .2 A5
900 14 .482 31.8 2 191 14,5 164 16 99.95 76 .2 76
1044 14 336 41.3 4 299 2.9 231 18 9.82 139 .2 138
1199 14 .220 50.1 6 05 32.8 340 19 9.4 273 .2 27
1364 14,135 58,0 11 914 42.9 522 20 93.23 546 .1 345
1540 14 .073 64.8 22 1753 2.3 836 21 .36 1131.1 1129
1726 14 044 70.5 45 3046 60.6 1397 23 99.59 2455 .1 2450
1923 14 .024 75.4 98 7540 67.6 2440 24 99.78 5535.1 5493
2.0 2131 14,012 79.4 221  1B7AS 73.4 4451 25 99.89 12874 .1 12847
2.1 2350 14 .006 82,6 515 38539 78.1 8443 26 99.95 30713 .1 30647
2.2 2579 14 .003 B5.4 1229 91285 B1.8 16582 28 99.98 74779 .1 7419
2.3 2818 14 .001 87.6 2991 221202 84.8 33515 29 99.99 185056 .1 184661
2.4 3069 14 .001 89,5 7402 545668 B7.3 69405 30 100.00 463876 .1 462898
2.5 3330 14 .000 91.0 18355 1364818 89.3 £146632 31 100,00 1174424 .1 117199

WO N >N —-O



5=20% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
##eeed YEARS TO UPFREEZE OBJECTS THRU COVER -- PRELIMINARY RESULTS ###iis

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 365

Hl = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X 5AT) Kt=0. 81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7x C/L=.0076 L=4124 KF=1.18

H3¥ = DBJECT LENGTH FOR MAY UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SDIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% 5AT) Kt=0. 81
FROZEN DRY DENS, = 80 PCF WATER CONT.= 37.7% C/L=.0076 L=4124 KF=1.18

BOwr COVER AND WASTE PILE USE HEAVE STRRAIN, S5 = 20%, 95% OF MAX L
HERVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDA#SARIN-FACTOR] = .48 (AVE) .00 (SD)
ESTIMATES USE MDD. BERGGREN EQU. W/ KERSTEN KF'S AND + OX - 25% ERROR IN KF'3
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERICD
UP, YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERRTIVE FOR ALL OBJECTS HAVING (X-A) ¢ 0.90 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = | STANDARD DEVIATION LOWER BOUND (LB),
RBD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP,YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE
F. -DeGEDAYS PROB. YEARS PROB.%  YEARS FT  YERRS

HUTCAVEACVX FPAVGACVX  FPY  UP.YRS CVx LBOND ABD R100 DELTA H3 DELTA
1.0 533 14 .90t 6.8 { 47 1.5 4 B 0,00 13.3 13
1.1 645 14,789 13.6 i 83 3.9 60 9 0.00 19 .2 19
f.2 767 14 640 22.3 2 87 8.1 80 10 3.8 30 .2 30
1.3 900 14 .482 31.8 2 128 14,5 109 11 93.29 51 .2 50
1.4 1044 14 336 41.3 4 199 22.9 154 12 98.% 93 .2 %
1.5 1199 14 .220 50.1 6 337 2.8 226 13 98.% 182 .2 181
1.6 1364 14 ,135 58.0 1 610 42.9 348 13 98,55 364 .1 363
1.7 1540 14 .079 64.8 22 1169 32.3 357 14 98.89 754 .1 753
1.8 1726 14 .044 70,5 A5 2364 60.6 931 15 99.32 1636 .1 1633
1.9 1923 14 .024 75.4 98 3027 67.6 1627 16 99.63 3630 .1 3682
2.0

2131 14 ,012 79.4 221 11163 73.4 2968 17 99.82 A583 .1  B%S
2.1 2350 14 ,006 82.6 515 23692 78.1 5630 1B 99.92 20476 .1 2043
2.2 2579 14 ,003 85.4 1223 60857 B1.8 11054 1B 99.97 49853 .1 49746
2.3 2818 14 .001 87.6 2931 147468 84.8 22344 19 93.99 123370 .1 123108
2.4 3069 14 ,001 89.5 7402 363779 87.3 46270 20 99.99 309251 .1 308599
2.5 3330 14 .000 91.0 18535 909879 89.3 97754 2! 100.00 782949 .1 781327



§=20% F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZISY — 04-03-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
s#eea+ YEARS 7O UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #¥esss

DBJECTS HAVE (X - A) = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF} STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LORD FREEZE INDEX (F1): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 5D.LN=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT Hi=TCT [FT] — FINE-GRAINED SOIL
UNFRDZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (B0% SAT) KU=0, 81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7% C/L=.0076 L=4124 KF=1.18

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SDIL-—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0, 81
FROZEN DRY DENS. = 80 PCF WATER CONT.= 37.7X C/L=. 076 L=A124 KF=1.18

BOTH COVER AND WASTE PILE USE HERVE STRAIN, S = 20%, 951 OF MAX L
HERVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LAMBDARSORIN-FACTOR) = .48 (AVG) .00 (SD)
ESTIMATES USE MDD. BERGGREN EGU. W/ KERSTEN KF'S AND + (0% - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0.00

FPY = AVS YEARS TO FIRST FROST PENETRRTION TO DEPTH Hi AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DRJECTS HAVING (X-A} ( 0.90 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LDWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HERVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1,3<=1) WST'PILE
Fs__ -DEG*#DAYS PROB. ———=-——— YEARS -———— PROB.%  YEARS FT  YERRS
Ht TCRVGACVX FPAVGICVX:  FPY  UP.YRS CVX LBOND ABD R100 DELTA H3 DELTA
1.0 533 14 .901 6.8 35 1.5 3 6 000 10 .3 10
1 645 14.789 13.6 47 3.9 45 7 0.00 14 .2 14
2 767 14 640 22.3 66 8.1 60 8 0.00 2.2 2
3 900 14 .482 31.8 % 145 B8 8 31.93 38 .2 38
A 1044 14 .336 41.3 150 22.9 115 9 9%R.60 70 .2 69
5 1199 14 .220 50.1 253 3.8 170 9 9%.89 136 .2 135
6 1364 14 .135 58.0 i 457 42.9 261 10 97.68 213 .1 a7
.7 1540 14 .079 64.8 &2 876 52.3 418 11 98.38 565 .1 364
8
9
0
1
2

—_ O & VO e

1726 14 .044 70.5 45 1773 60.6 698 {1 99.03 1227 .f 1225
1923 14 .024 75.4 98 3770 67.6 1220 12 99.43 2767 .1 2782
2131 14 ,012 79.4 22§ 8372 73.4 2226 13 99.75 6437 .1 6423
2350 14 .006 82.6 515 19269 78.1 4223 13 99.89 15357 .1 15324
2579 14 .003 85.4 1229 45642 B1.B 8291 14 99.95 3730 .1 37309
2.3 2818 14 .001 87.6 2331 110601 B84.8 16758 14 99,98 92528 .1 9233
2.4 3069 14 .001 89.5 7402 272834 87.3 34702 15 99.99 231938 .1 231449
2.5 3330 14 .000 91.0 18355 682409 89.3 73316 16 100,00 587212 .1 585995



§=20% F=0.%0

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -~ PROGRAM UPFREEZISY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
s:#44# YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ##4es+

DBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (F1): LOGNORMAL W/ MEDIAN = B75 MEAN = 933 SD.LN=. 365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS, =100 PCF, WATER CONT.= 20,3% (80X SAT) Ku=0. 81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7% C/L=.0076 L=4124 KF=1.18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20, 3% (80% SAT) KuU=0. 81
FROZEN DRY DENS. = 80 PCF WATER CONT.= 37.7% C/L=.0076 L=4124 KF=1.18

BET“CUVERRNDUQSTEPILEUSE’-ERVESTRAIN,S=201, 95 OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDA#SORIN-FACTORY = .48 (AVE) .00 (SD)
ESTIMATES USE MOD. BERGGREN ERU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K{.F AND K3.F, Ri.3=0.00

FPY = fAV6 YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H! (FOR Hi PROPS IN H3) BUT
CORRECT UP. YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0.90 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEIE THRU COVER
LEOND = 1 STANDARD DEVIATIDN LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

F._. ~DEGEDAYS PROB. -- YEARS ——————— PROB.X  YEARS FT  YEARS
Hl TCAVGICVZ FPAVGECVA  FPY  UP.YRS CVX LBOND ABD R100 DELTA H3M DELTR
1.0 533 14 .90f 6.8 1 28 1.5 28 5 0.00 8.3 8
f.1 645 14 .789 13.6 1 38 39 3% 6 0.00 12 .2 12
1.2 767 14 .640 22.3 2 2 81 48 6 000 18 .2 18
1.3 900 14 .482 31.8 2 77145 66 7 L74 30 .2 30
1.4 1044 14 .33 41.3 4 120 2.9 92 7 76.31 % .2 S5
1.5 1199 14 .220 50.1 6 202 2.8 136 8 93.93 103 .2 108
1.6 1364 14 .135 58,0 11 366 42,9 209 B 9%.38 218 .1 218
1.7 1540 14 .079 64.8 &2 701 52.3 3% 9 97.8 452 .1 452
1.8 1726 14 .044 70.5 45 1418 60.6 S59 9 98.74 %82 .1 980
1.9 1923 14 .024 75.4 98 3016 67.6 976 10 99.34 2214 .1 2209
2.0 2131 14,012 79.4 221 6698 73.4 178f 10 99.68 5150 .1 5139

2.1 2350 14 .006 82.6 515 15415 78.1 3378 11 99.85 12285.1 12259
2.2 2579 14 .003 85.4 1229 36514 81.8 6633 11 99.94 29912 .1 29847
2.3 2818 14 .001 87.6 2931 88481 84.8 13406 12 93.97 74022 .1 73865
2.4 3063 14 .001 89.5 7402 218267 87.3 27762 12 99.99 1BSS50 .1 1B5159
2.5 3330 14 .000 91.0 18355 545327 89.3 58653 12 100.00 469770 .1 4687%



S=30% F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZIDY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
s+eee# YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #H##

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERWAL LDAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN-=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRRINED SOIL
UNFROZEN DRY DENS. =100 PCF, WRTER CONT.= 20.3x (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47.9% C/L=.0068 L=4530 KF=1.23

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% {80% SAT) Ku=0. 81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9% C/L=.0068 L=4530 KF=1.23

BOTRCOVER AND WASTE PILE USE HEAVE STRAIN, S = 30%, 951 OF MAX L
HERVE FRACTION NOT RECOVERED ON THAWING, F = 0. 10,
LAMBDAESORIN-FACTOR] = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRGT FROST PENETRATIDN 7O DEPTH H1 AND RETURN PERIDD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP. YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-f) ( 0,80 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - Cvx) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STANDARD DEVIATION LDWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMWAL PROPERTIES IN H3 (R.3=1) WST'PILE
FT.__ DEG¥DAYS PROB. -—————— YEARS ——————— PROB.X  YEARS FT  YEARS
H1 TCAVGECVX FPAVGECVE  FPY  UP.YRS Cvx LBOND ABD R100 DELTA H3® DELTA
1.0 667 14 .763 15.2 134 4.6 128 17 100.00 46 .2 46
1.1 BO7 14 .55t &5.2 197 10.0 177 18 100.00 7.2 18

O N W -

1.2 91 14 .417 35.9 311 18.2 255 20 99.99 150 .2 149
1.3 1128 14 ,269 &6.2 337 28.3 384 2 N.& 301 .1 300
1.4 1308 14 .160 55.5 1004 33.6 604 23 99.53 627 .4 625
1.5 1301 14,089 63.4 19 2016 50.4 1001 25 99.52 1404 .1 1400
1.6 1708 {4 .047 70.0 &2 4386 59.9 1757 27 99.70 333 .1 337
1.7 1928 14,023 73.5 100 10208 67.9 3276 28 99.85 8310.1 8288
1.8 2162 14 .011 79.9 249 25116 74.3 6462 30 99.93 21506 .1 21448
1.9 2408 14 .005 83.4 645  b6AT42 79.3 13384 32 99.97 57346 .1 571R

2.0 2669 14 .002 B6.3 1720 171491 83.2 28886 33 99.99 156550 .1 156130
2.1 2942 14 .00] 88.6 4636 467363 66.2 64473 35 100.00 435194 .1 434041
2.2 3229 14 .000 90.3 13036 1298255 88.6 %147855 37 100.00 1226531 .1 122339
2.3 3529 14 .000 92.0 36798 3657817 90.5 %346506 38 100,00 3492534 .1 348365
2.4 3843 14 ,000 93.2 104776 10412310 92.1 %826217 40 100.00 X10016460 .1 9391

2.5 4170 14 ,000 94,2 300496 29852470 93.3 21997166 42 100,00 %28863850 .| %28
794100



S=30% F=0.20

THERMAL AND UPFREEZING ANALYSIS,ESTIMATES -—— PROGRAM UPFREEZSY — 04-08-1987
WANVILLE WAUKEGAN, ILL PLANT WASTE PILE
seeeE: YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESWLTS #eaie

DBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PRARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (FI): LDGNORMAL W/ MEDIAN = B75 MEAN = 935 SD.LN=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% GAT) Ku=0. 81
FROZEN DRY DENS, = 70 PCF, WATER CONT.= 47.9% C/L=.0068 L=4590 KF={.23

H3M = DBJECT LENGTH FOR MAX UPFREEIE, STRRTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% 5AT) Ku=0. 81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9% C/L=.0068 L=4330 KF={.23

g
BOTH COVER AND WASTE PILE USE HERVE STRAIN, S = 30%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.290,
LAMBDAR#SGRIN-FACTOR] = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 23X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI{.F AND K3.F, RI.3=0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TO DEPTH Hi AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR HI PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HRVING (X-R) ( 0.80 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
RBD = RBOND = ABSOLUTE LB FOR HERVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YERRS

COVER THEMMAL PROPERTIES IN H3 (RI.3=1) WST'PILE
F—-DEG#DAYS PROB. YEARS PROB.X  YEARS FT  YERRS
H1  TCAVGRCVX FPAVGECVX  FPY  UP.YRS CVX LBOND ABD R100 DELTA H3M DELTA

1.0 667 14 .763 15.2 i 67 46 64 8 0.00 23 .2 23
1.1 807 14 .59! 25.2 2 9 10.0 89 9 43.29 33.2 39
1.2 961 14 .417 35.9 3 136 18,2 127 10 97.55 5.2 75
1.3 1128 14 ,269 46.2 S 269 28.5 1% 11 98.63 150 .1 150
1.4 1308 14 .160 55.5 g 00 39.6 302 12 98X 313 .1 313
1,5 1501 14 .089 63.4 19 1008 50.4 500 13 98.78 702 .1 700
1.6 1708 14 .047 70.0 42 2193 59.9 879 13 99.26 1668 .1 1663
1.7 1928 14,023 72.3 100 5104 67.9 1638 14 93.63 4155 .1 4144
1.8 2162 14,011 79.9 249 12358 74.3 3231 15 99.84 10753 .1 10724
1.9 2408 14 ,005 83.4 645 32271 79.3 6632 16 95.93 28673 .1 285%
2.0 2669 14 .002 86.3 1720  BS5745 83.2 14443 17 99.97 78275 .1 7BOGS
2.1 2942 14 .001 88.6 46% 233681 86.2 32237 18 99.93 217397 .1 217020
2.2 3229 14 .000 90.5 13056 649127 88.6 73927 1B 100.00 613295 .1 H11698

2.3 3529 14,000 92.0 36738 1828308 90.5 %173253 19 100.00 1746267 .1 174182
2.4 3843 14 .000 93.2 104776 5206157 92.1 %413108 20 100,00 5008229 .1 439577

2.5 4170 14 .000 94,2 300496 14926230 93.3 %938583 21 100,00 ¥14431930 .1 X143
57050



§=30% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZISY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
####++ YEARS TO UPFREEZE OBJECTS THRU COVER -~ PRELIMINARY RESILTS #isas

ORJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
T0P OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (FI): LOGNDRWAL W/ MEDIAN = B75 MERN = 935 SD.LN=. 363

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3X (BOX SAT) KU=0. 81
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47.9% C/L=.0068 L=4390 KF=1.23

H3¥ = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20,3X (80X SAT) Ku=0. 81
FROZIEN DRY DENS, = 70 PCF WARTER CONT.= 47,9% C/L=,0068 L=43%0 KF=1,23

BOTRCOVER AND WASTE PILE USE HEAVE STRAIN, S = 30%, 9% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = (.30,
LAMBDA#SQRIN-FACTOR] = .48 (AVG) .00 {5D)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + OX - 25X ERRDR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1,3=0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TD DEPTH H1 AND RETURN PERIOD
UP, YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0,80 FT <—
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB},
ABD = ABOND = ARSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIRBILITY (PROBRBILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE
FT __ DEGDAYS PROB. - YEARS —————— PROB.X  YEARS FT  YEARS
Hl TCAVGRCVX FPAVGECVX  FPY  UP.YRS CvX LBOND ABD R100 DELTA H3M DELTA

1.0 667 14 .763 15.2 1 45 A6 43 6 0.00 15.2 13
1.1 807 14 ,591 25,2 2 6610.0 39 & 0.00 2 .2 26
1.2 961 14 .417 35.9 3 104 18.2 8 7 951.97 X .2 h.U
+3 1128 14 .269 #6.2 S 179 28.5 128 7 93.% 100 .1 100
.4 1308 {4,160 55.5 ] 334 39.6 201 8 9%.8! 209 .1 208
.3 1301 14,089 63.4 19 672 50.4 334 8 97.89 468 .1 467

1708 14 .047 70.0 42 1462 59.9 586 9 98.80 f112.1 1109

1928 14 .023 75.5 100 3403 67.9 10%2 9 9%.41 2770 .1 2763
2162 14 .011 79.9 249 8372 74.3 2154 10 99.74 7169 .1 7149
2408 14 .005 83,4 6AD 21514 79.3 446! 1! 99.89 19115.1 19064
2669 14 ,002 86,3 1720 57164 83.2 9629 {1 99.9% 52183 .1 52043
2942 14 ,00] 88.6 4636 155788 86.2 21491 12 99.98 145065 .1 144580
3229 14 .000 90,5 13036 432750 B88.6 49285 12 99.99 408864 .1 407799
3529 14 ,000 32.0 36738 1213272 90.5 %115502 13 100.00 1164178 .1 116121

e & e e
W= O W ~NoYWU W

3843 14 .000 93.2 104776 3470771 92.1 %275406 13 100.00 3338820 .1 333051

>

w

4170 14 . 000 94.2 300496 9950823 93.3 %665722 14 100.00 9621285 .1 959803



8=30% F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
sreek YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS s#iis

OBJECTS HAVE (X - R) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 365

Hl = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X 5AT) KU=0. 81
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47.9% C/L=.0068 L=4590 HKF=1.23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3% (B0% 5AT) Ku=0, 81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9% C/L=.0068 L=4530 KF=!.23

BOTR™COVER AND WASTE PILE USE HEAVE STRAIN, § = 30%, 95% OF WAX L
HEAVE FRACTION NOT RECOVERED DN THAWING, F = 0.40,
LAMBDA%SARIN-FACTOR] = .48 (AVE) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ MERSTEN KF'S AND + 0X - 25X ERROR IN KF'S
CORRELATIDN COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERICD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROPS IN H3) BUT
CORRECT UP,YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-R) ( 0.80 FT
FOR H1=TCT: UF.YRS IS AN ESTIMATE (+ OR - CVx) DF YEARS TD UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER EDUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY {(PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE
F1._ DEG¥DAYS PROB. ————— YEARS ————————— PROB.%  YEARS FT  YEARS
H1 TCAVGECYX FPAVGECVX  FPY  UP.YRS CVX LBOND ABD RIO0 DELTR H3M DELTA

1.0 667 14 ,763 15.2 1 3% 46 X 4 0.00 11.2 11
1.1 807 14 .391 25.2 2 4910.,0 &4 3 0.00 20 .2 20
f.2 961 14 .417 35.9 3 7818.2 64 § 5.8 38 .2 37
1.3 1128 14 .269 4b.2 3 134285 9% 3 8L 75.1 I6]
1.4 1308 14 ,160 35.5 9 250 39.6 151 6 94.16 157 .4 1%
1.5 1501 14 .089 63.4 19 504 50.4 230 b6 96.84 31 .1 330
1.6 1708 14 .047 70.0 A2 1096 59.9 439 7 98.31 834 .1 8z
.7 1928 14 .023 75.5 100 2052 67.9 813 7 99.19 2078 .1 2072
1.8 2162 14 .011 79,9 249 6279 74.3 1615 B 99.64 3376 .1 5382
1.9 2408 14 ,005 83.4 643 16136 79.3 334 8 99.85 14337 .1 14298
2.0 2689 14 .002 86.3 1720 42873 83,2 722! 8 99.94 39138 .1 39033
2.1 2942 14 ,00! B8.6 4696 116841 B6.2 16118 9 99.98 108798 .1 108510
2.2 3229 14 .000 90,5 13056 324564 BB.6 36964 9 99.99 306648 .1 305849
2.3 3529 14 .000 92.0 36798 914434 0.5 86627 10 100.00 873133 .1 870913
2.4 3843 14 .000 93.2 104776 2603079 92.1 %206534 10 100,00 2504115 .1 249788
8

2,5 4170 14 .000 94.2 300496 7463118 93.3 2499231 10 100.00 7215964 .1 719852

o



5=30% F=0,50

THERMAL AND UFFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
seae#+ YEARS TO UPFREEZE OBJECTS THRU COVER — PRELININARY RESULTS #Hesid

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TGP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERWAL LDAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN-=. 365

H{ = DEPTH DF COVER ABOVE OBJECT, STARTING AT Hi=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X SAT) Ku=0. 81
FROZIEN DRY DENS. = 70 PCF, WATER CONT.= 47.9% C/L=.0068 L=4590 KF=1,23

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X SAT) Ku=0. 81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9% C/L=,0068 L=4590 KF=1,23

BOYR COVER AND WASTE PILE USE HEAVE STRAIN, § = 30%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0,50,
LAMBDA+SORIN-FACTOR] = .48 (RVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Rt.3=0,00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEFTH H1 AND RETURN PERIOD
UP. YRS = ESTIMATED YERRS FOR DBJECT UPFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTR'S WHEN OBJECT IN H3,
CONSERATIVE FOR ALL OBJECTS HAVING (X-R)} ( 0.80 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STRANDARD DEVIATION LDWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EFS.UF
R100 = EST'ED RELIARILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE
F._ -DEG¥DAYS PROB. YEARS PROB.X  YEARS FT  YEARS
Hl TCAVGACVX FPAVGRCVE  FPY  UP,YRS CVX LBOND ABD R100 DELTA H3M DELTA
1.0 667 14 ,763 15.2 i 27 46 26 3 0.00 9.2 9
1.1 807 14,391 25.2 2 33100 35 0.00 16 .2 16
1.2 961 14 .417 35.9 3 g2 18.2 51 0.04 30 .2 30
1128 14 .269 46.2 ] 10728.5 77 59.59 60 .1 60
9. 30 125 .1 125
95.62 28] .1 280
97.79 667 .1 665
98.% 1682 .1 1658
99.55 4301 .1 4230
93.81 11469 .1 11438
93.93 31310 .1 31226

1.3

1.4 1308 14 ,160 55.5 9 200 39.6 12t
1.5 1501 14 .089 63.4 19 403 50.4 200
1.6 1708 14 ,047 70.0 42 871 §9.9 3
1.7 1928 14 ,023 75.5 100 2042 67.9 655
1.8 2162 14,011 79.9 249 2023 74,3 1292
1.9 2408 14 .005 83.4 643 12908 79.3 2677
2.0 2669 14 .002 86.3 1720 34298 83.2 5777
2.1 2942 14 .001 88.6 4636 33473 B856.2 12835 93.97 87033 .1 85808
2.2 3229 14 ,000 90.5 13056 259651 88.6 29571 99.99 245318 .1 244679
2.3 3529 14 .000 92,0 36738 731563 90.5 63301 B 100.00 698507 .1 696730
2.4 3BAZ 14 .000 93.2 104776 2082463 92.1 X165243 8 100.00 2003232 .1 199831

NN~ OYOYDYN UYL > D

2.5 4170 14 .000 94.2 300496 5970494 93.3 2393433 8 100,00 5772771 .1 575882



5=40% F=0. 10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZISY — 04-08-1987
MINVILLE WAUKEGAN, ILL PLANT WASTE PILE
s#s##¥ YEARS TO UPFREEZE DBJECTS THRU COVER — PRELIMINARY RESILTS ###aid

DBJECTS HAVE (X - A) = 2,00 FT {EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKMESS = TCT

THERMAL LORD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 363

Hi = DEPTH OF COVER RBROVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3% (80X 5AT) Ku=0. 81
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 61.6% C/L=,0062 L=5037 KF=1.30

H3% = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = RASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS,=100 PCF, WRTER [ONT.= 20.3x (B0X SAT) Ku=0. 81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61.6% C/L=.0062 L=3057 KF=1.30

BU\TECOVER AND WASTE PILE USE HEAVE STRAIN, S = 40%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0. 19,
LAMBDA#SGR (N-FACTOR] = ,48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R, 3=0.00

FPY = AVYG YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR K1 PROPS IN H3) BUT
CORRECT UP. YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DBJECTS HAVING (X-R) { 1.90 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOGUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (FROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1,3=1) WST'PILE
Fn -DEG#DAYS PROB. YEARS PROB.X  YEARS FT  YEARS
Hi TCAVGICVX FPAVGECVX FPY UP.YRS CVX LBOND ABD R100 DELTA H3M DELTA

1.0 BO3 14 .597 24.8 2 147 10,0 132 13 99,93 85 .2 65
1.1 971 14 .406 36.6 3 245 19.0 198 14 99.90  130.1 130
1.2 1156 {4 .248 47.8 5 M530.4 310 15 9.5  271.1 270
1.3 13% 14 .18 5.7 1t 891 42.5 512 16 99.20 621 .1 619
1.4 157314 .071659 25 1975541 907 18 99.35 1546 .1 1542
1.5 1806 14 .034 72.6 62 4800 63.9 1733 13 99.55 4106 .1 4093
1.6 2055 14 .016 78.0 164 12587 71.7 3557 20 99.85 11467 .1 11430
1.7 2319 14 .007 82.2 459 34376 77.8 TIT7 21 99.9 3331 .1 33203
1.8 2600 14 .003 85.6 1332 101494 82.3 17920 23 99.98 99725 .1 99404
1.9 2897 14 .001 BB.2 3989 304078 B5.B 43058 24 99,99 305441 .1 304458
2.0 3210 14 .000 90.3 12218 932529 8.5 X106942 25 100.00 951462 .1 94848
4

2.1 3539 14 .000 92.0 38059 2908274 90.6 %272562 26 100,00 3000023 .1 299067
4

2.2 3884 14,000 93.4 120001 9177240 92.3 %708798 28 100.00 9537904 .1 950960
7

2.3 4246 14 .000 94.4 381516 29186080 93.6 ¥1872115 29 100,00 X30479780 .1 X30
391900

2.4 4623 14 ,000 95.3 %1219130 63025610 94.3 23682801 30 100.00 X41193280 .4 %
131578%

2.5 016 14 .000 96,0 %3906034 92204190 94,7 24307434 31 100.00 %{3157830 %1.9
%13157890



5=40% F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUXEGAN, ILL PLANT WASTE PILE
HHE YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #eesi

DBJECTS HAVE (X - A} = 2.00 FT {(EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 873 MEAN = 935 SD.LN=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT3 — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) KU=0. 81
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 61.6% C/L=.0062 L=5057 KF=1.30

H3M = OBJECT LENSTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (B0% SAT) KU=0, 81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61.6% C/L=.0062 L=5057 KF=1.30
j
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 40, 95¢ OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA£SORIN-FACTOR] = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, Ri.3=0.00

FPY = VG YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H! (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1,90 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS,UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

FT~~—~DEG#DAYS PROB. — YEARS ————— PROB.X  YEARS FT  YEARS
Hi TCAVGECVX FPAVGECVX  FPY  UP.YRS Cvx LBOND ABD R100 DELTA H3M DELTA
1.0 803 14 ,597 24.8 2 73100 6 b6 0.01 3.2 32
1.1 971 14 406 36.6 3 {22 19.0 99 7 83.09 65 .1 69
1.2 1156 14 248 47.8 S 223 30.4 155 B8 9.39 135 .1 135
1.3 1356 14 .138 97.7 11 446 42,5 256 8 971.82 311 .1 310
1.4 1573 14 .071 65.9 25 987 54.1 454 9 98,46 773 .1 m
1.5 1806 14 .034 72.6 g2 2400 3.9 B66 9 ¥.22 2053 .1 2046
1.6 2055 14 .016 78.0 164 6232 71,7 1778 10 99.67 5734 .! S5
1.7 2319 14 ,007 82.2 439 17488 77.8 3888 11 99,87 16656 .1 16602
1.8 2600 {4 .003 85.6 1332 S0747 82,3 8960 11 99,95 49863 .1 49702
1.9 2837 14 .00f 88,2 3989 152039 85.8 21529 12 99.98 152721 .1 152234
2.0 3210 14 .000 90.3 12218 4660064 BB.S5 S3471 13 99.99 ATL731 .1 474242
2.1 3539 14 .000 92.0 38059 1454137 90.6 %136281 13 100.00 1500014 .1 149543
7

2.2 3884 14 .000 93.4 120001 4588620 92.3 %354399 14 100.00 4768952 .1 475480
4

2.3 4246 14 .000 94,4 381516 14593040 93.6 %936057 14 100,00 %15239890 .1 %154
93950
2.4 4623 14 .000 95.3 %1219190 32512810 94.3 %1B841400 15 100,00 %20599640 .4 6
978946
2.5 5016 14 .000 96.0 %3906034 46102100 94,7 %2453747 16 100,00 6578946 %1.9 6
578946



5=40% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEISY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
s YERRS TO UPFREEZIE OBJECTS THRU COVER — PRELIMINARY RESILTS ##istd

OBJECTS HAVE (X - A} = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCY

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MERN = 935 SD.LN=, 365

H1 = DEPTH OF COVER ABDVE OBJECT, STARTING AT HI=TCT [FT] — FINE-BRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3%X (B80% SRT) Ku=0. 81
FROZEN DRY DENS. = 60 PCF, WATER CONT.= Bl.6% C/L=.0062 L=3057 KF=1.30

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WRSTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3X (B0X SAT) Ku=0. 81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61.6% C/L=.0062 L=5057 KF=1.30

BOTH COVER AND WASTE PILE USE HERVE STRAIN, S = 40%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDA*SORIN-FACTOR] = .48 (RYE) .00 (SD)
ESTIMATES USE MOD. BERGGREN EDU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Rt.3=0,00

FPY = RVG YEARS TO FIRST FROST PENETRATION TO DEPTH Hf AND RETURN PERICD
UP.YRS = ESTIMATED YERRS FOR OBJECT UPFREEZING FROM H1 (FOR Hf PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING {X-A} ( §,90 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY} UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

F.__ -DEG#DAYS PROB. ————- YEARS ————— PROB.X  YEARS FT  YEARS
H1 TCAVGACVX FPRVGECYX  FPY  UP.YRS CVX LBOND ABD RIO0 DELTA H3¥ DELTA
1.0 803 14 .597 24.8 2 43 10.0 44 4 0.00 x .2 ferd
f.1 971 14 .406 36.6 3 8219.0 66 5 11.73 43 .1 43
1.2 1156 14 .248 47.8 5 148 30.4 103 5 85.93 9% .1 9%
1.3 1356 14 .138 57.7 11 297 42,5 171 5 95.06 207 .1 206
1.4 1573 14 .071 65.9 25 658 54.1 302 6 97.42 15 .1 S14
1.5 1806 14 .034 72.6 62 1600 63.9 378 6 98.76  13689.f 1364
1.6 2055 14 .016 78.0 164 4196 71.7 1186 7 99.48 3822 .1 3810
1.7 2319 14 .007 82.2 439 11639 77.8 2532 7 99.80 11104 .1 11068
1.8 2600 14,003 85.6 1332 33831 82.3 9972 8 99.93 3R42.1 33135
1.9 2837 14 .001 88.2 3983 101359 83.8 14353 8 93.98 101814 .1 101489
2.0 3210 14 .000 90.3 12218 310843 88.5 35647 B8 99.99 317134 .1 316161
2.1 3539 14 .000 32.0 38039 969425 90.6 30854 9 100.00 1000010 .1 996958
2.2 3884 14 .000 93.4 120001 3039080 92.3 %236266 9 100.00 3179302 .1 316986

4246 14 ,000 94. 4 381516 9728694 93.5 ¥624038 10 100.00 %10159930 .1 %101

[Uto
(2]

2.4 4623 14 .000 93,3 21219190 21675210 94.3 X1227600 10 100,00 %13733090 .4 4
385964
2,5 3016 14 .000 36.0 X3906034 30734730 94.7 %1635831 10 100.00 4385964 %1.9 4
385964



5=40% F=0.40

THERMAL AND UPFREETZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY —- 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
sreed YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ##ist

ORJECTS HAVE (X - R) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKMNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LDGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 365

H{ = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SCIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (B0OX SAT) KU=0. 81
FROZEN DRY DENS. = 60 PCF, WATER CONT,= 61.6% C/L=,0062 L=5057 KF=1.30

H3M = DRJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20,3x (80% 5AT) Ku=0. 81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61.6% C/L=,0062 L=D037 KF=1.30

BOTR-COVER AND WASTE PILE USE HEAVE STRAIN, S = 40%, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LAMEDA#SAR[N-FACTOR] = .48 (AVB) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25X ERROR IN KF'S
CORRELATION COZFFICIENT BETWEEN KI.F AND K3.F, R1.3=0,00

FPY = RAVG YERRS TO FIRST FROST PENETRATION TO DEPTH H1 AND RETURN PERIOD
UP. YRS = ESTIMRTED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR HI PROPS IN H3) BUT
CORRECT L. YRS FOR DIFFERENCE IN DELTAR'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) { 1.90 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE {(+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LEOND = { STANDARD DEVIRTION LOWER BOUND (LB},
ABD = ABOND = ABSDLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=D) WST'PILE

FT. JEG#DAYS PROB, ~————— YEARS — PROB.X  YEARS FT  YEARS
Hi TCAVGECVE FPAVGECVX  FPY  UP.YRS Cvi LBOND ABD R100 DELTA H3¥ DELTA
B03 14 .597 24.8 2 37100 33 3 0.00 16 .2 16

0,04 33 .1 33
£3. 14 68 .1 67
9i.21 155 .1 155

971 14 .406 36.6 3 6119.0 50 3

1156 14 .248 47.8 3 111 30.4 78 &

1356 14 .138 57.7 11 223 42.5 128 4

1373 14 .071 65.9 25 494 54,1 27 4 9%6.20 387 .1 385
1806 14 .034 72.6 &2 1200 63.9 433 5 93.28 1026 .t 1023
2055 14 .016 78.0 184 3147 71.7 883 5 99.29 2867 .1 2838
5
b
6
6
7

2319 14 .007 82.2 439 8744 77.8 1944 9.73 838.1 830!
2600 14 .003 85.6 1332 25374 82.3 M480 93.90 24331 .1 24851
2897 14 .001 88.2 3989 76019 85.8 10765 93.97 76360 .1 76117
3210 14 .000 90.3 12218 233132 88.5 26736 99.99 237865 .1 237121
3539 14 .000 32.0 38059 727069 90.6 68140 100,00 730007 .1 747713
3884 14 .000 93.4 120001 2294310 92.3 X177200 7 100,00 2384476 .1 237740

I'\Jm:—o—-u-—.-..—-.-.n—--—r-—u—-
- M . = =
O = O WD~ & W —O

r

2

2.3 4246 14 .000 94.4 381516 7296521 93.6 %468029 7 100.00 7619946 .1 759797
5

2.4 4623 14 .000 95,3 1219190 16256400 94,3 %320700 7 100,00 %10239820 .4 32
83473

2.5 5016 14 .000 96.0 %3306034 23051050 94.7 %1226873 8 100,00 3289473 1.9 3
283473



5=40% F=0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEISY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#+#:4: YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESILTS #exesd

DBJECTS HAVE {X - A) = 2.00 FT (EFFECTIVE PRRTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LORD FREEZE INDEX (FI): LDENORMAL W/ MEDIAN = B75 MEAN = 933 SD.LN=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-BRAINED SDIL
UNFROZEN DRY DENS,=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0. 81
FROIEN DRY DENS. = 60 PCF, WATER CONT.= 61.6X C/L=,0062 L=3037 KF=1.30

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL-—-HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SRT) Ku=(. 81
FROIEN DRY DENS, = B0 PCF WATER CONT.= 61.6% C/L=,0062 L=5057 KF=1.30

BOTH COVER AND WASTE PILE USE HERVE STRAIN, S = 40%, 954 OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDAYSERIN-FACTOR] = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0.00

FRY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT
CORRECT UP, YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) { 1,90 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (+ OR - Cv4) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.F
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

F1-_ ‘DEG#DAYS PROB. YEARS PROB.%  YEARS FT  YERRS
HI TCAVGECVY FPAVGECWX  FPY  UP.YRS CvX LBOND RBD RI0Q DELTA H3M DELTA
1.0 803 14 .597 24.8 2 29100 26 3 0.00 13.2 13
I.1 971 14 .406 36.6 3 4919.0 40 3 0.00 26 .1 26
1.2 1156 14 .248 47.8 S 89 30.4 & 3 34.27 54 .1 54
1.3 1356 14 .138 57.7 {1 178 2.5 102 3 85.80 124 .1 124
1.4 1573 14 .07 65.9 25 395 541 181 4 9481 309 .1 308
1.5 1806 14 .034 72.6 & %0 63.9 347 4 9.T7 8l .1 819
1.6 2055 14 .016 78.0 164 D17 M7 7ML 4 99.09 2293 .1 2286
1.7 2319 14,007 82.2 459 6993 77.8 1335 4 99.65 6662 .1  6hAL
1.8 2600 14 .003 85.6 1332 20299 B82.3 3584 5 99.88 19945 .1 19881
1.3 2897 14 .00! 88,2 3983  p0BI6 BS.8 B6I2 5 99.96 61088.1 6089
2.0 3210 14 ,000 90.3 12218 186506 88.5 21388 5 99.99 190292 .1 189697
2.1 3539 14 ,000 92.0 38059 581635 %0.6 54312 5 100.00 600006 .1 538175
2.2 3884 14 .000 93.4 120001 1835448 92,3 x141760 6 100.00 1907581 .1 190192
i

4246 14 .000 94, 4 381516 5837217 93.6 X374423 6 100,00 6095957 .1 607838

o
w

2.4 4623 14 .000 95.3 %1219190 13005120 94.3 2736560 6 100,00 8239856 .4 263!
573

2,5 3016 14 .000 96.0 X3906034 18440840 94.7 2981499 6 100,00 2631579 %1.9 26
31579



5=501 F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZISY — 04-08-13987
MANVILLE WAUKEBAN, ILL PLANT WASTE PILE
s#ee#s YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESLLTS #asst

DBJECTS HAVE (X - A) = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
T0P OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICHNESS = TCT

THERMAL LDAD FREEZE INDEX (FI): L DENORMAL W/ MEDIAN = BTG MEAN = 935 SD.LN=. 363

H! = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT (FT] — FINE-GRAINED 50IL
UNFROZEN DRY DENS,=100 FCF, WATER CONT.= 20.3X (B0% SAT) Kt=0. 81
FROZEN DRY DENS, = 350 PCF, WATER CONT.= 80.7% C/L=.0057 L=5523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTINS IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROCZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (B0% GAT) Ku=0. 81
FROIEN DRY DENS. = 30 PCF WATER CONT.= 80.7x €/L=,0057 L=5033 KF=1.42

BOYR'COVER AND WASTE PILE USE HEAVE STRAIN, S = 50%, 95% OF MAX L
HERVE FRACTION NOT RECOVERED ON THAWING, F = 0.10,
LAMBDR*SQRIN-FACTOR] = .48 (AVG) .00 (5D)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, Ri.3=0.00

FPY = AVG YEARS TD FIRST FROST PENETRATION TD DEPTH Hf AND RETURN PERICD
UP, YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-R) ( 1,90 FT
FOR Hi1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
ABD = RBOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YERRS

COVER THERMAL PROPERTIES IN H3 (R1.3=!) WST'PILE
F._ DEG*DAYS PROB. YEARS PROB.X  YEARS FT  YERRS
Hl TCAVGACVX FPAVGICVE  FPY  UP.YRS CV% LBOND ABD R100 DELTA H3M DELTA
i. 925 14 .454 33.5 2 171 16,7 143 10 99.41 R .1 32

0

1.1 1119 14 .275 45.7 S 316 28.1 227 11 93.28 198 .1 197
1.2 1332 14 .149 56.6 10 653 41.2 384 12 98.86 478 .1t 476
1.3 1563 14 .073 63.6 24 1528 53.7 707 13 M.12 121 .t 1267
1.4 1813 14,033 72.8 3] 3984 6A.3 142§ 14 99,56 3641 .1 3628
1.5 2081 14 .014 78.5 182 11324 72.6 3104 {5 99.82 11039.1 10998
1.6 2368 14 .006 82.9 552 34316 78.8 7283 {6 99.94 34945 .1 3ABl4
1.7 2673 14 .002 86,3 1747 108924 83.4 18093 17 93,98 114271 .1 113847
1.8 2997 14 ,001 89.0 5714 307424 B6.8 47010 18 99,99 382729 .1 381333
1.9 3339 14 .000 91.1 19136 1200831 89.5 X126432 19 100,00 1304085 .{ 129344
0

2.0 3699 14 .000 3.7 65205 4100963 91.5 %349143 20 100,00 4496179 .1 448060
1

2.1 4079 14 .000 94.0 224809 14158130 93.1 ¥9B3758 21 100.00 X15618150 .1 %155
65750

2.2 4476 14 .000 95.0 780906 38104060 94.1 %2259889 22 100.00 %32273710 .4 %32
£84580

2.3 4893 14 .000 95.8 X2723563 59504070 94.5 x3285273 23 100.00 %10526310 %1.9
110526310
2.4 5327 14 000 93.5 x5166669 70030380 94.5 23844320 24 100,00 %10526310 %1.9
%10526310
2.5 5780 14 .000 82,1 %5491672 80336700 93.6 X5126309 25 100.00 210526310 X1.9
%10526310



550 F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEISY — 04~08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
s##e#d YEARS TO UPFREEZE QBJECTS THRU COVER — PRELIMINARY RESULTS #e#es

OBJECTS HAVE (X - R) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LDONORMAL W/ MEDIAN = 875 MERN = 935 SD.LN=. 365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT Hi=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20,3% (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80.7% C/L=,0057 L=5523 KF={. &

H3® = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20, 3% (80% SAT) Ki=0. 81
FROZEN DRY DENS. = 30 PCF WATER CONT.= B80.7% [/L=,0057 =3523 KF=1.42

BOTH'COVER AND WASTE PILE USE HEAVE STRRIN, S = 50%, 95% OF MAX L
HEAVE FRACTION NQT RECOVERED ON THRWING, F = 0.20,
LAMBDA#SGRIN-FACTOR] = .48 (AVG) .00 (5D)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0X - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERIOD
UP, YRS = ESTIMATED YERRS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-R} ( 1.9 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE {+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YERRS

COVER THERMAL PROPERTIES IN H3 (RL.3=1) WST'PILE

Fi__ TEG#DAYS PROB, YERRS PROB. % YEARS FT  YERRS
HI TCAVGACVX FPAVGSCYX  FPY  UP,YRS CVx LBOND ABD R100 DELTA H3M DELTA
1.0 925 14 .454 33.5 2 8516.5 71 S5 1499 46 .1 46
1.1 1119 14 .275 45.7 3 158 28.1 113 6 90.40 9.1 98
t.2 1332 14 .149 36.6 10 327 4.2 1% 6 9%.22 239 .1 238
1.3 1563 14 .073 €5.6 24 764 53.7 X3 7 97.89 636 .1 633
1.4 1813 14,033 72.8 B4 1932 6A.3 710 7 99.02 1821 .1 1814
1.5 208! 14 ,014 78,5 18 5662 7.6 1552 8 99.61  SE19 .1 A9
[.6 2368 14 ,006 82.9 5352 17138 78.8 3641 8 99.86 17472 .1 17407
1.7 2673 14,002 86,3 1747 54462 B3.4 9046 9 99.9% 57135 .1 56924
1,8 2997 14 .001 89.0 5714 178712 BA.B 23505 9 99.99 191365 .1 190666
1,9 3339 14 .000 91.1 19136 600416 89.5 63216 10 100.00 652043 .1 649720
2.0 3699 14 .000 92.7 65205 2050482 91.5 174571 10 100,00 2248089 .1 224030
1

4073 14 .000 94.0 224809 7079064 93.1 X491879 11 100.00 7803076 .1 778287

>
ot

2.2 4476 14 000 95.0 780306 19052030 94.1 %1129944 11 100,00 ¥16136860 .4 %16
3422%0
2.3 4893 14 ,000 95.8 %2723563 29752040 94.5 X1642637 12 100,00 5263157 %1.9 5
263157
2.4 5327 14 .000 93.5 X5166669 35015190 94.5 %1922160 12 100,00 5263157 %1.9 5
263157
2.5 5780 14 .000 82.1 %5431672 40278350 93.6 %256315% 12 100,00 5263157 %1.9 5
263157



5=50x F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEISY - 04-0B-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#HHe YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #¥#s#

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF)} STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = B75 MEAN = 935 SD.{N=. 365

Ht = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20,31 (80X 5AT) Ku=0. 81
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80.7% £/L=.0007 L=3523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 350 PCF WATER CONT.= 80.7% €/L=.0057 L=5323 KF=1.42

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, § = 50%, 95¢ OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0. 30,
LAMBDA*SORIN-FACTOR] = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Ri,3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR DBJECT UPFREEZING FROM Hi (FOR HI PROPS IN h3) BUT
CORRECT LW, YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DBJECTS HAVING (X-A) ( 1.90 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE {(+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
ABD = RBOND = ABSOLUTE LB FOR HERVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP,YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

F._ ‘DEG#DAYS PROB. —————— YEARS ———————- PROB.%  YEARS FT  YEARS
Hl TCAYGACVX FPAVGECVE  FPY  UP.YRS CVX LBOND ABD RI00 DELTA H3M DELTA
1.0 925 14 .454 33.5 4 57165 48 3 0.00 3t .1 31
1.1 1119 14 ,275 45,7 5 10528.1 76 4 5%.93 66 .1 66
1.2 1332 14 . 149 56.6 10 218 41.2 128 4 91.33 159 .1 159
1.3 1563 14 .073 63.6 24 9 53.7 23 4 9%.40 424 .1 422
1.4 1813 14 .033 72.8 64 1328 64.3 474 5 9B.44 1214 .1 1209
1.5 2031 14 .014 78.5 182 3773 72.6 1035 5 99.40 3680 .1 3666
1.6 2368 14 ,006 82.9 552 11433 78,8 2428 5 99.79 11648 .1 11605
1.7 2673 14 .002 B6.3 1747 36308 83.4 6031 6 99.93 38090 .1 37949
1.8 2997 14 .00! 89.0 5714 119141 86.8 15670 & 99.98 127576 .{ 12711
1.9 3339 14 .000 91.1 19136 400277 89.5 42144 6 99.99 434695 .1 433147
.0 3699 14 .000 92.7 65205 1366388 91.5 x11638f 7 100.00 1498726 .1 149353

2
4
2.1 4079 14 ,000 94.0 224809 4719376 93.1 X327919 7 100.00 5206051 .1 518R58
3

2.2 4476 14 ,000 95.0 780306 12701330 94.1 X733296 7 100.00 210757900 .4 %108
94860

2.3 4893 14 .000 95.8 %2723563 19834630 94.5 X1095031 68 100.00 3508772 %1.9 3
508772

2.4 35327 14 ,000 93,5 XSI66E69 23343470 94,5 %1281440 B8 100,00 3508772 %1.9 3
08772

2.5 5780 14 ,000 82,1 %5431672 26852240 93.6 %1708770 8 100,00 3508772 %1.9 3
508772



§=30% F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEISY — 04-08-1987
WANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#eesed YEARS TO UPFREEZE OBJECTS THRU COVER -— PRELIMINARY RESULTS ##ti+

DRJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STRARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LDENORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 365

Hl = DEPTH OF COVER ABOVE DBJECT, STARTING AT HI=TCT [FT) — FINE-GRAINED SDIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% 5AT) KU=0. 81
FROZEN DRY DENS. = 350 PCF, WATER CONT.= 80.7% C/L=.0057 L=3523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS, =100 PCF, WATER CONT.= 20.3x (80% SAT) Ku=0. 81
FRGZEN DRY DENS, = 150 PCF WATER CONT.= 80.7% C/L=,0057 L=3523 HKF=l.42

BOYIY COVER AND WASTE PILE USE HERVE STRAIN, S = 50%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LAMEDAESORIN-FACTOR) = .48 (AVE) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1.3=0,00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERIOD
UP, YRS = ESTIMATED YERRS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN DBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-R) ( 1.90 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR ~ CVX) OF YEARS YO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIRTION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIRBILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 {(R1.3=1) WST'PILE

F -DEG*DAYS PROB. YEARS PROB.X  YEARS FT  YEARS
HITCAVGECVR FPAVGECVE  FRY  UP.YRS CVx LBOND ABD R100 DELTA H3M DELTA
1,0 925 14 .454 33.5 2 43165 3 3 000 23 .1 a3
1.1 1119 14 .275 45,7 3 ™esl 57 3 17.07 49 .1 43
1.2 1332 14 149 56.6 10 163 41.2 9% 3 83.39 119 .1 119
1.3 1563 14 .073 £5.6 24 382 53.7 17T 3 %4.60 318 .1 317
1.4 1813 14,033 72.8 b4 9% 64,3 35S 4 97.84 910 .1 %907
1.5 2081 14 .014 78,5 182 2831 7.6 T 4 99.18 270.!¢ 2750
1.6 2368 14 ,006 82.9 582 8579 78.8 1821 4 99.7¢ 8736 .1  B704
1.7 2673 14 .002 86.3 1747 27231 83.4 4523 4 99.91 28568 .1 28462
1.8 2997 14 ,001 83.0 5714  B93%6 86.8 11752 5 99.97 95682 .1 953333
1.9 3339 14 ,000 91.1 19136 300208 83,5 31608 5 99.97 326021 .1 324860
2.0 3699 14 .000 92.7 65205 1025241 91.5 B7286 5 100.00 1124045 .1 1120150
2.1 4079 14 ,000 34.0 224809 3039332 93.1 %245939 5 100.00 3904538 .1 389143
7

2.2 4476 14 ,000 95.0 780906 9526015 94,1 x564972 6 100,00 B06B428 .4 B17114
5

2.3 4BI3 1h 000 95,8 22723563 14876020 34.5 2821318 & 100,00 2631579 1.9 26
31579
2.4 5327 14,000 93,5 X5166663 17207600 94.5 X961080 6 100,00 2631579 %1.9 26
3151
2.5 5780 14 ,000 82,1 X5491672 20139170 93.6 1281577 6 100.00 2631579 %1.9 2
631579



8=50% F=0.50

THERMAL AND UPFREEZING ANRLYSIS ESTIMATES — PROGRAM UPFREEISY — 04-08-1987
WANVILLE WAUKEBAN, ILL PLANT WASTE PILE
#e##¥+ YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #hests

DBJECTS HAVE (X - A) = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERWAL LDAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MERN = 935 SD,LN=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [(FT1 — FINE-GRAINED SOIL
UnFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0, 81
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80.7% C/L=.0057 L=3523 KF=1.42

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0. 81
FROZEN DRY DENS. = S0 PCF WATER CONT.= 80.7X C/L=.0057 L=8523 KF=1.42

BOTR-COVER AND WASTE PILE USE HEAVE STRAIN, S = 50%, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDA#SERIN-FACTOR] = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETHEEN Ki.F AND K3.F, Rf.3=0.00

FPY = AVE YEARS TO FIRST FROST PENCTRATION TO DEPTH H! AND RETURN PERIOD
UP. YRS = ESTIMATED YERRS FOR DBJECT UPFREEZING FRDM Hi (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN DBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-R) ( 1.90 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVx) OF YERRS TO UPFREEZE THRU COVER
LBOND = | STANDARD DEVIRTION LOWER BOUND (LB},
RBD = ABOND = ABSOLUTE LB FOR HERVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 {R1.3=1) WST'PILE

F1 JEGEDAYS PROB. -——-——— YEARS - - PROB.X  YERRS FT  YEARS
Ht TCAVGICVX FPRVGCVX  FPY  UP.YRS CVX LBOND ABD R100 DELTA H3® DELTR
1.0 925 14 .454 33.5 2 3165 29 2 0.0 18 .1 18
1.1 1119 14 ,275 45,7 S 63 28.1 45 2 1.88 40 .1 39
1.2 1332 14,149 536.6 16 131 41,2 Tt 2 .18 % .1 95
1.3 1563 14 ,073 6€5.6 24 306 53.7 141 3 S2.48 254 .1 233
1.4 1813 14,033 72.8 64 797 64.3 284 3 97.20 728 .1 726
1.5 2081 14 .014 78.5 182 2265 72.6 621 3 98.9% 2208.1 2200
1.6 2368 14 .,006 82,9 582 6863 78.8 1457 3 99.64 6989 .1 6963
1.7 2673 14 .002 86.3 1747 21785 83.4 3619 3 99.83 22854 .1 22769
1.8 2997 14 ,001 89.0 5714 71485 86.8 5402 4 99.96 76546 .1 76267
1.9 3339 14 .000 91.1 19136 240166 89.5 25286 4 99.99 260817 .1 253888
2.0 3699 14 ,000 92.7 65205 820193 91.5 69829 4 100.00 B99236 .1 896120
2.1 4079 14 .000 94,0 224809 2831626 93.1 X136752 4 100.00 3123631 .1 311315
0

2.2 M76 14 ,000 95,0 780306 720812 94.1 XASIS78 4 100.00 6454743 .4 £53691
6

2.3 4893 14 ,000 95.8 %X2723563 11900820 94.5 2657055 5 100.00 2105263 %1.9 21
05263

2.4 5327 14 ,000 93.5 x5166669 14006080 94.5 X768864 5 100,00 2105263 %1.9 21
05263

2.5 5780 14 .000 B2.1 XT491672 16111340 93.6 %1020262 5 100.00 2105263 %1.9 2
105263

UPFREEZS RUN COMPLETE
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GAVED UNDER FILE NAME: UPF1-EY DATE: 04-08-1987
TIME: 12:30:42

PROBRRILISTIC BEOTECHNICAL THERMAL ANALYSIS
1-LAYER FINE-GRRINED COVER SYSTEM

MODIFIET BERGGREN EQUATION WITH KERSTEN K'S
PROPERTIES OF COVER

COVER LAYER DRY DENSITY=100 PCF, WATER CONTENT =20.3% (80% SAT) 100% S=25, 4%
AVERAGE HEAVE STRAIN = 10X 70 50X

FRACTION OF HEAVE NOT RECOVERED ON THAWING (R} = 0,30 70 0.30
LAMBDAXCORIN-FACTORI: AVG=D, 48;  SD=0. 00

{COVER AND WASTE PILE USE THE SAME VALUES)

FROZERTIES OF WASTE PILE

FIRe=GRAINED SCIL

UNFROZEN DRY DENSITY = 100, [PCFl, WRTER CONTENT = 20% (B0% SRT) 1004 5=25, 4%
AVERAGE HEAVE STRAIN = 10% 70 S0%

FRACTION OF HEAVE NOT RECCVERED CN THAWINS (R) = 0,30 TO 0,30

THERMAL LDAD INFORMATION

FREEZE INDEX {FI) FOR WAUKEKGAN RSSUMED LDGNOPMAL WITH MEAN & STANDARD DEVIRTION

FROM HISTDRICAL DATR 1343-50 TO 1334-85 EXCEPT 1982-83 (TOTAL = 33 YEARS)

LOGNCRMAL FREEZE INDEX (THERMAL LOAD): MEAN=848, MEDIAN=800, SD=320, C¥=0.378,
SDILN F11=0, 365, SKEWNEES=1,277 HOWEVER:

CONSERVATIVE LOGNORMAL ENVELOPE USED FOR FREEZE INDEX: MEDIAN = 875, MEAN = 93%

SDLLN FI1 =0.365
RLL YEARS HAVE HISTORICAL FI FREQUENCY (= FORCASTED (PREDICTED) PROBABILITIES
(1383-64 [FI=1200] LIES ON THE ENVELOPE ALL OTHER YERRS ARE BELOW)

DEJECT UPFREEZING INFORMATION--EQUATION: U= (X-A-T ¢ S# R C P .
UPFREETZING ASSUMPTIONS: ;

@ EFFECTIVE PARTICLE SIZE (X - A) IS EPS.UF = 2,00 FT €& t z‘s

AVERRSE HEAVE STRAIN (S = 10 X 7O 50 % -

FRACTION OF HEAVE NOT RECCVERED ON THAWING (R} = 0.30 TO 0.30

EFFECTIVE NUMEER OF COMPLETE FREEZE THAW CYCLES (C) = MUMEER DF FREEZE SERSONS
{YEARS) ® P.H3

#NDTE: EQTH C AND P.H3 ARE DEPTH DEFENDENT



S=10% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WARSTE PILE
#:##83 YEARS TD URFREETE OBJECTS THRU COVER — PRELIMINARY RESULTS #eeesd

DRJECTS HAVE (X - A) = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STRRTING AT
TO0P OF WASTE PILZ--BOTTDM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = BTG MEAN = 935 SD.LN=, 363

H! = DEPTH DOF COVER ABOVE CBJECT, STARTING AT HI=TCT [FT) — FIME-GRAINED SDIL
UNFROZEN DRY DENS. =100 PCF, WATER CDNT.= 20.3x% (80% 5AT) KU=0. 81
FROIEN DRY DENS. = 30 PCF, WATER CONT.= 29.7% C/L=.0085 L=3£58 KF=1,!5

H3r = DBJECT LENGTH FOR MAY UPFREEZE, STARTING IN:

H: = WASTE PILE OF SOIL--HAVING:

UNFRCZEN DRY DENS.=100 PCF, WATER CONT.= £0.3% (80% SAT) Ku=0.81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 239.7X C/L=.0085 L=3638 HF=1.15

BOTRCOVER QND WASTE PILE USE HEAVE STRAIN, S = 10%, 95% OF mMAX L
HERVE FRACTIDN NOT RZCOVERED ON THAWING, F = .30,
LAYRDARSORIN-FACTORY = .48 (AVB) .00 (5D}
ESTIMATES USE MOD. BERCGGAEN EQU. W/ KERSTEN KF'S AND + 0% - 2% ERROR IN KF'S
CORRELARTION COEFFICIENT BETWEEN KI1.F AND K3.F, RI1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERICD
UP. YRS = ESTIMATED YEARS FOR ORJECT UPFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DRJECTS HAVINS {X-A) ( 1.10 FT
FOR Ki=7CT: UF.YRS IS AN ESTIMATE {+ OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LECND = | STANDARD DEVIRTION LOWER BOUND (LB),
ABD = ABOND = ABSCLUTE LE FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R10G = EST'ED RELIARILITY (PROBABILITY) UP.YRS EXCEEDS {00 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

FT  JEG#DAYS PROB. YEARS PROR.X  YEARS FT  YEARS
Hi TCAVGICYVS FPAVBMCVE  FPY  UP.YRS CVX LBOND ABD R100  DELTA H3 DELTA
0.1 & 14 %1,000 0.0 1 4 0,0 4 2 0.00 4 %1.0
4
0.2 16 14 %1000 0.0 1 700 7 3 000 4 11,0
4
0.3 37 14 %1000 0.0 1 12 00 12 5 0.00 4.9
4
0.4 65 14 21,000 0.0 1 16 0.0 16 7 0.00 5.8
5
0.5 102 14 %1.000 0.0 1 200 2 8 0.00 6.7
6
0.6 147 14 21,000 0.0 1 28 0.0 28 10 0.00 7.6
7 .
0.7 200 14 21,000 0.0 1 I 0.0 35 12 0.00 8.6
8
0.8 261 14 .99 0.1 1 43 0.0 43 13 0,00 9.5 g
0.9 330 14 .9% 0.5 1 S4 0.1 54 15 0.00 12 .4 12
.0 408 14 .976 1.9 { 67 0.3 67 17 0.00 {5 .4 {s
1.1 493 14,931 4.9 1 8 1.0 82 18 0.00 20 .3 20
1.2 587 14 .851 9.9 1 108 2.4 105 20 99.78 27.3 27
1.3 689 14 .737 16.7 { 141 5.2 134 22 100.00 40,3 33
1.4 793 14 .601 24.6 2 190 9.4 173 23 100,00 £0 .2 g
1.5 917 14,463 3.9 2 267 15.2 227 25 100.00 9 .2 94
1,6 1084 14 .337 81,2 4 93226 305 27 99.95  iSB.2 157
1.7 1178 14,233 49.0 6 £12 31.0 422 28 99.76 280 .2 278
” e ER I -] o) PRI B Y I o) res e} nn e £ < curc
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1630 14 .033 67.8

1758 14 ,035 72.4
1973 14 020 76.4

2136 14 .011 79.8
2348 14 ,006 82.6
2548 14,003 85.0
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60
119

244

4704 Tus ) PAvI
3262 56.5 1418
6244 £3.4 2285
12302 69.1 379
24900 74,0 B4B!
51650 78,0 11372
109428 81.3 20457
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35
37
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93.89
93,34
93.97
99.93

JA) e 4 I

1988 .2 1976
3976 .1 (N0
8140 .1 8127
17057 .1 17029
36442 .1 36382

79115 .1 78985



§=20% F=0.30

THERMAL AND URFREEZING ANALYSIS ESTIMATES — PRCGRAM URFREEZSY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#res#d YEARS TO UPFREEZE ORJECTS THRU COVER —— PRELIMINARY RESILTS #eesid

DEJECTS HAVE (X - A) = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TCTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNDRMAL W/ MEDIAN = B75 MEAN = 935 SD.IN=. 365

Ht = DEPTH OF COVER ABOVE OBJECT, STARTING AT Hi=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS,=100 PCF, WATER CONT.= 20.3x% (B0% SAT) Ku=0. 81
FROIEN DRY DENS. = 80 PCF, WARTER CONT.= 37.7% C/l=.0076 L=4124 KF=1.18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.
FROIEN DRY DENS. = 80 PCF WATER CONT,

20.3% (B0% SAT) Ku=0. 81
37.7% C/L=,0076 L=4124 KF=1,:8

BOTRCOVER AND WASTE PILE USE HEAVE STRAIN, S = 20%, 95% OF MAX L
HERVE FRACTION NOT RECOVERED ON THAWING, F = 0. 30,
LAMBDA*SERIN-FACTORI = .48 (RVB) .00 (SD)
ESTIMATES USE MOD. BERGZREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERPOR IN KF'S
CORRELATION COEFFICIENT BETWEEN KiI.F AND K3.F, R1.3=0.00

FRY = AVG YEARS TO FIRST FROST PENETRATION TO DEFTH Hi AND RETURN PERICD
UP, YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR Hi PROPS IN H3) BUT
CORRZCT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3,
CONSERATIVE FOR ALL OBJECTS HAVING {X-A) { 0,90 FT
FOR HI1=TCT: UP.YRS IS AN ESTIMATE (+ DR - CVX) [F YEARS TO UPFREEIE THRU COVER
LEOND = { STRANDARD DEVIRTION LOWER BOUND (LE),
ABD = ABOND = RBSOLUTE LB FOR HERVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

F'v -DEG#DAYS PRIR, YEARS PROB.%  YEARS FT  YEARS
HY TCAVBLCVX FPAVGECVE FPY  UP.YRS CVX LBOND ABD R100 DELTA H3® DELTR
0.1 S 14 %1.000 0.0 { 2 0.0 2 1 0.0 2.9

2 .

0.2 21 14 21,000 0.0 1 4 0,0 4 2 0.00 2.8

2

0.3 48 14 £1,000 0.0 i 7 0.0 7 3 0.00 3.7

3

0.4 8% 14 1,000 0.0 1 10 0.0 10 3 0.00 3.7

3

0.5 133 14 x1.000 0.0 1 13 0.0 13 4 0.00 4.6

4

0.6 192 14 X1.000 0.0 1 17 0.0 17 5 0.00 4.8

4

0.7 261 14,999 0.1 i 2 0.0 2 6 0.0 5.4 5
0.8 341 14 .993 0.6 1 28 0.1 28 7 000 7.4 7
0.9 432 14 .96 2.5 1 3% 0.5 3 8 000 9.3 9
1.0 533 14 ,301 6.8 { 47 1,5 4 8 0,00 13.3 13
1.1 645 14 ,789 13.6 1 62 3.9 60 9 0.00 19 .2 19
1.2 767 14,540 22, 2 87 8.1 80 10 3.8 30 .2 30
1.3 300 14 .482 31.8 2 128 14,5 109 11 93,29 51 .2 50
1.4 1044 14 ,336 41.3 4 179 2.9 154 12 98.52 93.2 92
1.5 1199 14 ,220 0.1 & 337 2.8 226 13 98.5% 182 .2 181
1.6 1364 14 ,135 58,0 11 610 42.9 348 13 98.55 364 .1 363
1.7 1540 14 ,079 64.8 22 1168 52,3 557 14 98.89 754 .1 733
1.8 1726 14 .044 70.3 43 2364 60.6 931 15 99.3 1636 .1 1633
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S=30% F=0.30

THERMAL AND URFREEZING ANRLYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WARUKEGAN, ILL PLANT WASTE PILE
sse#2¢ YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #eii

OBJECTS HAVE (X - R} = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STRRTING AT
TOR OF WASTE PILE—~EOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LORD FREEZE INDEX (FI): LOSNORMAL W/ MEDIAN = B7S MERN = 935 5D.LN=, 365

Kl = DEPTH OF COVER REOVE DBJICT, STARTING AT RI=TCT [FT] — FINE-GRAINCZD SOIL
UNFROZEN DRY DENS, =100 PCF, WATER CONT.= 20.3% (80% SAT) KU=0. 81
FROZEN DRY DENS. = 70 FCF, WATER CONT.= 47.9% C/L=,0068 L=4330 KF=1.23

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFRDCZEN DRY DENS.=100 FCF, WATER CONT.= 20, 3% (80% SAT) Ku=0, 81
TROZEN CRY DENS. = 70 PCF WATER CONT.= 47,9% C/L=.00o8 L=4390 KF=1.23

N
BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 30%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAXEDA#SARIN-FACTCAI = .48 {AVG) .00 (BD)
ESTIMATES USE MOD. BERGGREN EGU. W/ KERSTEN KF'S AND + 0% - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0,00.

FRY = AVG YEARS TO FIRST FROST PENETRATION TO DERTH HI AND RETURN PERICD
UP. YRS = ESTIMATED YERRS FOR CEJECT LIPFREEZING FROM Hi (FDR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERRTIVE FOR RLL DRJECTS HAVING (X-R) { C.80 FT
FOR H1=7CT: UP.YRS IS AN ESTIMATE {+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = | STANDERD DEVIRTION LOWER BOUND (LB},
ABD = AFOND = ARSJLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBREILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (RI.3=1} WST'PILE

FT ~—-DEG#DAYS PROB. YEARS PROB.®  YERRS FT  YEARS
Hi TCRVGECVX FPAVGECVX FPY UP.YRS CVX LBOND ABD R100 DELTA H3M DELTA
0.1 7 14 %1.000 0.0 1 2 0.0 2 1 000 2.8

2

0.2 27 14 %1.000 0.0 1 3 0.0 3 1 000 2.7

2

0.3 B0 14 %1,000 0.0 i 5 0.0 5 2 0.00 2.6

2

0.4 107 14 x1.000 0.0 1 7 0.0 7T 2 000 2.6

2

0.5 167 14 %1.000 0.0 1 10 0.0 10 3 0.00 3.5

3

0.6 240 14 21,000 0.0 1 14 0.0 14 3 0.00 4.4

4

0.7 327 14 .995 0.5 i 18 0.1 18 4 0.00 5.3 5
0.8 427 14 .968 2.4 1 24 0.4 26 4 0.00 7.3 7
0.9 540 14 ,895 7.2 ! 2 1.7 X 5 000 10 .2 10
1.0 667 14 ,763 15.2 1 85 46 43 & 0.00 15 .2 15
1.1 BO7 14 .8591 25.2 2 66 10.0 9 b 000 26 .2 cb
1.2 961 14 ,417 35.9 3 104 18.2 85 7 97.97 50 .2 B )
1.3 1128 14 .269 46.2 3 179 28.5 128 7 93.9% 100 .1 100
f.4 1308 14 ,160 55.5 3 334 33.6 201 8 96.81 203 .1 208
1.5 1501 14 089 63.4 13 672 50.4 334 B8 97.89 468 .1 467
L6 1708 14,047 70.0 42 1462 59.9 586 9 98.80 1112 .1 1103
1,7 1928 14 ,023 7.5 100 3403 £7.9 1032 9 99.41 2770 .t 2763
1.8 2162 14 ,011 713.9 249 B372 74.3 2154 10 93.74 7169 .1 7149
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2942 14 .001 88.6 4696
3229 14 .000 0.5 13056
3529 14 000 92.0 36798

3843 14 .000 93.2 104776

4170 14 .000 94.2 300496

W awT voen PIvIe as R [ e

135788 86,2 21431 12 99.98 145065 .1 144630

432752 8B.6 43285 12 99.93 408864 .1 407793
1219272 80,5 2115502 13 100,00 1164178 .1 116121

3470771 92.1 %275406 13 100.00 3338820 .1 333051

9350823 93.3 %665722 14 100,00 9621284 .1 939803



S=40% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#ee##t YEARS TO UPFREEZE OBJECTS THRU COVER —— PRELIMINARY RESULTS ##ers

DRJECTS HAVE (X - R) = 2,00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LORD FREEZE INDEX (FI): LOGNORMAL W/ MEDIRN = 875 MEAN = 935 SD.LN=, 365

H1 = DEPTH DF COVER AROVE OBJECT, STARTING AT HI=TCT [FT1 — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 2¢. 3% (80% SAT) Ku=0. 81
FROIEN DRY DENS. = 60 PCF, WATER CONT.= 61.6% C/L=,0062 L=3057 KF=1,30

H3M = ORJECT LENGTH FOR MAX UPFREEZE, STRRTING IN:

H3 = WRSTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT,
FROZEN DRY DENS. = 60 FCF WATER CONT.

20. 3% (80X SAT) Ku=0. 81
B1.62 C/L=,0062 L=5057 KF=1.30

H

BOTHTOVER AND WASTE PILE USE HEAVE STRAIN, § = 40%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMEDA#STRIN-FACTOR) = .48 (RVE) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQL. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K2.F, R1.3=0.00

FPY = AVE YEARS TO FIRST FRCST PENETRATION TO DEFTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR DBJECT UPFREEZING FROM HI (FOR H1 PROPS IN H3) RUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DRJECTS HAVING {X-A) ( 1,90 FT
FOR H!=TCT: UP.YRS IS AN ECTIMATE (+ OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STANDARD DEVIATION LOWER BOUND (LB,
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY} UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

FT __JEG*DAYS PROR. - YEARS -———--———— PROR.%  YERARS FT  YEARS
Hl TCRVGECVX FPAVGECWX  FPY  UP.YRS Cvx LBOND ABD R100 DELTA H3M DELTA
0.1 8 14 %1,000 0.0 1 1 0.0 1 0 0.00 1.7

1

0.2 3 14 x1.000 0.0 1 3 0.0 3 1 0.00 2.6

e

0.3 72 14 21,000 0.0 1 4 0.0 4 1 0.00 2.6

2

0.4 128 14 1,000 0.0 { 6 0.0 6 2 0.00 2.5

2

0.5 201 14 21,000 0.0 1 9 0.0 9 2 0.0 3.4

3

0.6 283 14.998 0.2 1 12 60 12 3 0.0 4.3 4
0.7 393 14,981 1.3 1 16 6.3 16 3 0.00 3.3 5
0.8 514 14,917 5.8 1 @2 L3 2 3 0060 1.2 7
0.3 630 14 .782 14.0 1 X 42 3 4 000 12.2 12
1.0 803 14 .597 24.8 2 49 10.0 44 4 0,00 2 .2 22
1.1 971 14 .406 36.6 3 82 19.0 66 5 11.73 33 .1 43
1.2 1156 14 .248 47.8 5 148 30.4 103 5 85,93 % .1 90
1.3 1356 14 .1308 57.7 11 297 42.5 171 5 95.06 207 .t 206
1.4 1573 14 .07 65.9 25 658 54.1 302 6 97.42 515 .4 514
LT 1805 14,034 72,6 62 1600 63.9 578 6 98,76 1369 .1 1364
1.6 2035 14,016 78.0 164 4196 71,7 1186 7 99.48 2822 .1 3810
1.7 2319 14,007 82.2 433 11653 77.8 2552 7 93.80 11104 .1 11068
1.8 2600 14 ,0(3 B3.6 1332 33831 82.3 5973 B 93.93 33242..1 33135
1.3 8 93.98 101814 .1 101483

2837 14 .00 BB.2 3983 101359 85.8 14353

_~e m gmean —i A ™ AE o mpmr A MM SISy " -—ererae
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2.2 38B4 14 .000 93.4 120001 3059080 92,3 %236266 3 100,00 3179301 .1 316986

9
2,3 4246 14 .000 94.4 381516 9728694 93.6 ¥624038 10 100.00 ¥10139930 .1 %101

30630
2.4 4623 14,000 95.3 %1219190 21675210 94.3 %1227600 10 100.00 £13733030 .4 4
385964
2.5 5016 14 .000 96.0 %3306034 30734730 94,7 #1£35831 10 100,00 4385964 X1.9 4
383964



§=50% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY -- (4-08-1987
FANVILLE WALMEGAN, ILL PLANT WASTE PILE
#eexed YEARS TO UPFREEZE DERJECTS THRU COVER -- PRELIMINARY RESULTS ##xxsx

OBJECTS KAVE (X - A) = 2.00 FT {EFFECTIVE PRRTICLE SIZE, EPS.UF) STRRTING AT
TOP OF WASTZ FILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 363

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT Ki1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=10¢0 PCF, WATER CONT.= 20.3% (BO% SAT) Ku=0. 81
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80.7% C/L=.0057 1=35523 KF=1.42

H3M = OBJECT LENGTH FOR MAX URFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 RFCF, WATER CONT.= 20.3% {80% SAT) KU=0. 81
FROZEN DRY DENS. = 50 PCF WATER CONT.= 80.7% C/L=,0057 L=5323 KF=1.42

BOTR-COVER AND WRSTE PILE USE HEAVE STRAIN, § = 50%, 95x OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0. 30,
LAMBDA#SBRIN-FACTOR] = .48 {AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COZFFICIENT BETWEEN KI.F AND K3.F, R1.3=0,00

FPY = AVG YEARS TD FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERICD
UF, YRS = ESTIMATED YEARS FOR OBJECT UFFREEZING FROM HU (FOR H! PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HRVING (X-A) ( 1,90 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND {LR),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS,UF
R100 = EST'ED RELIRBILITY (PROBARILITY) UP,YRS EXCEEDS 100 YEARS

COVER THERMA PROPERTIES IN H3 (RI,3=l) WST'PILE

F. DEG#DAYS PROB. YEARS PROB.X  YERRS FT  YERRS
HITCAVGACYX FPAVGRCVA  FPY  UP.YRS CVE LBOND ABD R100 DELTA H3* DELTA
0.1 9 14 %1.000 0.0 1 1 0.0 1 0 000 1.7

1

0.2 37 14 1,000 0.0 1 2 0.0 2 1 000 1.6

1

0.3 83 14 X000 0.0 1 4 0.0 4 1 0,00 2.5

2

0.4 148 14 41,000 G. ¢ 1 6 0.0 6 1 000 2.4

2

0.5 23! 14 41,000 0.0 1 8 0.0 8 2 0.00 3.4

3

0.6 333 14 .99 0.5 1 11 0.1 2 0.00 4.3 3
0.7 45314 .3% 3.3 1 15 0.7 15 2 0.00 5.2 S
0.8 592 14,846 10.2 1 2 28 &2 3 000 8.2 8
0.9 743 14 .683 21.0 2 34 7.8 3 3 0.00 15 .2 15
1.0 925 14 . 454 33.5 2 57165 48 3 0.00 3.1 31
1.1 1119 14,275 45.7 3 10528.1 76 4 56.99 66 .1 BE
1.2 1332 14 .149 56,6 10 218 41,2 128 4 91.33 139 .1 159
1.3 1563 14 ,073 65.6 24 03 53.7 2% 4 96.40 424 .1 422
f.4 1813 14,033 72.8 64 1328 64.3 474 5 98.44 1214 .1 1209
1.5 2081 14 .014 78.5 18 75 72,6 1035 5 93.40 3680 .1 3666
{.6 2368 14 ,006 B2.9 552 11433 78.8 2428 5 99.79 {1p48 .1 11E0S
1,7 2673 14,002 86.3 1747 36308 83.4 603! 6 93.93 38030 .1 37943
1.8 2997 14 ,001 89.0 5714 119141 B6.8 15670 & 93.98 127576 .1 {27114
1.9 3339 14,000 91.1 13136 400277 89.5 42144 6 99.99 434695 .1 433147

FERAE ATPIAND Ot £ NEtLTIDY T AN AN 1AGRTIE 1 14QET



5

2.1 4079 14,000 94,0 224809 4719376 93.1 x3R7913 7 100.00 5206050 .1 516858

2

2.2 A476 14 .000 95.0 780906 12701350 94.1 %7532% 7 100.00 %10757900 .4 %108
94860

2.3 4893 14 .000 95.8 42723563 19B34630 94.5 21035091 8 100.00 3508771 %1.9 3
08771

2.4 5327 14 .000 93.5 %5166669 23343460 94.5 X12B1440 B 100.00 3508771 %1.9 3
508771
2.5 5780 t4 .000 B2.1 %5431672 26852230 93.6 %1708770 8 100.00 3508771 %1.9 3
508774

UPFREEZS RUN COMPLETE



T axHEEEEREEREEREEREEREEREEEEESE  PROGRAM UPFREEZSY SReisiieretREvEssieeteaees
" GAVED UNDER FILE NAME: UPFI(-5Y DATE: 04-0B-1987
TIME: 12:11:41

PROBABILISTIC GEOTECHNICAL THERMAL ANALYSIS
1-LAYER FINE-GRAINED COVER SYSTEM

MODIFIED BERGGREN EQUATION WITH KERSTEN K'S
PROPERTIES OF COVER

COVER LAYER DRY DENSITY=100 PCF, WATER CONTENT =20.3% (80X GAT) 100% 5=25. 4%
AVERAGE HEAVE STRAIN = 10% TO 50%

FRACTION OF HERVE NOT RECOVERED ON THAWING (R) = 0.10 T0 0.30
LAMBDA*SORIN-FACTOR]: AV6=0.48; S5D=0,00

{COVER AND WASTE PILE USE THE SAME VALUES)

PROPERTIES OF WASTE PILE

FIRE-GRAINED SOIL

UNFROZEN DRY DENSITY = 100. [PCF], WATER CONTENT = 20% (B0% SAT)  100% §=25.4%
AVERAGE HEAVE STRAIN = 10% TO S0%

FRACTION OF HEAVE NOT RECOVERED ON THAWING (R) = 0.10 TD 0.50

THERMAL LOAD INFORMATION
FREEZE INDEX (FI) FOR WAUKEKGAN ASSUMED LOGNDRMAL WITH MEAN & STANDARD DEVIATION

FROM HISTORICAL DATA 1949-50 TO 1984-85 EXCEPT 1982-83 (TOTAL = 35 YEARS)
LOGNORMAL FREEZE INDEX (THERMAL LOAD): MEAN=848, MEDIAN=800, SD=320, Cv=0.378,

SDILN F11=0, 365, SKEWNESS=1.277 HOWEVER:
CONSERVATIVE LOGNORMAL ENVELOPE USED FOR FREEZE INDEX: MEDIAN = B75, MEAN = 935
SDILN FIJ =0.365

ALL YEARS HAVE HISTORICAL FI1 FREQUENCY (= FORCASTED {PREDICTED) PROBABILITIES
(1983-84 [FI=1200] LIES ON THE ENVELOFE ALL OTHER YEARS ARE BELOW)

OBJECT UPFREEZING INFORMATION—EQUATION: U= (X -A-T) s S#R# L

UPFREEZING ASSUMPTIONS: L - {1\ &M + M

¢ EFFECTIVE PARTICLE SIZE (X - A) IS EPS.IF = 0.10 F] €&
AVERABE HEAVE STRAIN (5) = 10 % TO 50 % -
FRACTION OF HERVE NOT RECOVERED ON THAWING (R) = 0.10 T0 0.50
EFFECTIVE MMBER OF COMPLETE FREEZE THAW CYCLES (C) = MMBER OF FREEZE SERSDNS
(YEARS) # P,H3
#NOTE:  BOTH C AND P.H3 ARE DEPTH DEPENDENT .



§=10% F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -—— PROGRAM UPFREEZSY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#e43# YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #ia#is

OBJECTS HAVE (X - R) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORWAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 363

Hl = DEPTH OF COVER ABOVE OBJECT, STARTINS AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X SAT) Ku=0. 81
FROZEN DRY DENS. = 90 PCF, WATER CONT.= 29.7% £/L=.0085 L=3658 KF=1.13

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL-—HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3% {B0% SAT) Ku=0, 81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7% C/L=.0083 [=3638 KF=1.15

BOTRCOVER AND WASTE PILE USE HEAVE STRAIN, S = 10%, 95% OF MAX L
HEAVE FRACTIDN NOT RECOVERED DN THAWING, F = (.10,
LAMRDA*SGRIN-FACTOR] = .48 (AVE) .00 (SD)
ESTIMATES USE MDD, BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 23X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3<0.00

FPY = AV6 YEARS 7O FIRST FROST PENETRATION TO DEPTH Hi AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZINE FROM H! (FOR H1 PROPS IN H3) BUT
CORRECT . YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-R} ( 0.10 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIRTION LOWER BOUND (LB},
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMWAL PROPERTIES IN H3 (R1.3=1) WST'PILE
F1_ JEG#DAYS PROB. ~——————— YEARS —————- PROB.X  YEARS FT  YERRS

HY “TCAVGICVX FPAVBACYZ FPY  UP.YRS CVX LBOND ABD R100 DELTR H3M DELTA
1.0 408 14 .976 1.9 1 1007 0.2 1005 %1000 100.00 108 .1 10

1.1 493 14 .93 4.9 1 1120 0.5 1115 %1100 100.00 19 .1 11
1.2 587 t4 .851 9.9 1 1249 1.2 1234 %1206 100.00 140 .1 14
1.3 689 14 .737 16.7 1 1408 2.6 1371 X1300 100.00 177 .1 17
1.4 799 14 601 24,6 2 1617 5.0 1336 %1400 100.00 2482 .1 24
1.5 517 14 .463 3.9 2 1917 8.9 1747 %1500 100.00 357 .1
1.6 1044 14 337 41.2 4 2378 14,5 2033 X1600 100,00 564 .1

1.7 1178 14 ,233 49.0 6 3134 22.1 2440 %1700 100,00 948 .1

-~

i

o

1321 14,154 56.1 g 4447 31,4 3030 x1800 100.00 1677 .3 167

i

(V)

7
2

1472 14 ,097 62.3 17 6840 41.5 4004 %1900 100.00 3109 .1 310
e

a
.

»
.
.

.

.
.
.
.
.

0 1630 14 .039 67.8 3 11389 51.2 5356 %2000 100.00 5983 .1 598

—

1798 14 .035 72.4 60 20347 59.9 8166 %2100 100.00 11927 .1 1190

8
9
0
7
4
6
5
4
0
2,
9
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2,3 2156 14 .011 79.8 244 76316 72.8 20749 %2300 100,00 51171 .1 5108

8
2.4 2348 14 .006 82.6 512 156564 77.4 35422 %2400 100,00 109325 .1 10914

5
2.5 2048 14 .003 85,0 1033 329899 81.0 62673 X500 100,00 237343 .1 23695

5



S=10% F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -~ PROGRAM UPFREEZSY — 04-08-1387
MANVILLE WAUKEBAN, ILL PLANT WASTE PILE
s+#44 YEARS TD UPFREEZE OBJECTS THRU COVER —— PRELIMINARY RESULTS #as#is

DBJECTS HAVE (X - A) = (.10 FT (EFFECTIVE PRRTICLE SIZE, EPS.UF) STRRTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LORD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 873 MEAN = 935 SD.LN=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT {FT1 — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT,= 20.3X (80% SAT) KU=0. 81
FROIEN DRY DENS. = 90 PCF, WATER CONT.= 29.7% C/L=,0085 L=3638 WF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING: _

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% 5AT) Ku=0. 81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7% C/L=.0085 L=3658 KF=1.15

BOTHCOVER AND WASTE PILE USE HERVE STRAIN, § = 10%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA£SORIN-FACTOR] = .48 (AVE) .00 (SD)
ESTIWATES USE MOD. BERGGREN EOU. W/ KERSTEN KF'S fND + 0% - 25% ERROR IN KF'3
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Ri.3=0.00

FPY = AVG YERRS TO FIRST FROST PENETRATION TO DEPTH H!I AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP, YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN K3,
CONSERATIVE FOR ALL DBJECTS HAVING (X-R) ( 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIRTION LOWER BOUND (LB},
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (Ri,3=1) WST'PILE
Fi_ DEG#DAYS PROB. YEARS PROB.%*  YERRS FT  YEARS

H1 TCAVGECVE FPAVGICVX  FPY  UP,YRS CVX LBOND RED R100 DELTA H3M DELTA
0 408 14 .976 1.9 1 303 0.2 503 500 100.00 54 .1 54
.1 493 14,931 4.9 1 %60 0.5 557 550 100.00 9.1 59
.2 587 14 .851 9.9 1 625 1.2 617 600 100.00 70 .1 70
.3 689 14 ,737 16.7 1 704 2,6 685 650 100.00 88 .1 88
.4 799 14 ,601 24.6 2 809 5.0 768 700 100.00 121 .1 121
5 917 14 ,483 2.9 2 359 8.9 874 TS0 100.00 179 .14 173
6 1044 {4 ,337 41,2 4 1189 14.5 1016 B0OO 100,00 282 .1 282
7 1178 14,233 45.0 b 1967 22,1 1220 850 100.00 474 .1 473
.8 1321 14 .13 56.1 9 2223 31.4 1525 900 100.00 839 .1 838
.9 1472 14,097 B2.3 17 3420 41,5 2002 950 100.00 - 1554 .1 1532
.0 1630 14 .039 67.8 31 5634 51.2 2778 %1000 100,00 2995.1 299

1798 14 .035 72.4 60 10173 59.9 4083 %1050 100.00 5964 .1 595

1973 14 .020 76.4 119 19260 €7.1 6346 %1100 100.00 12210 .1 (219

n

w

2136 14 .011 73,8 244 238158 72,8 10274 %1150 100.00 25586 .1 2354

-

2348 14 .00b B2.b 512 78282 77.4 17711 %1200 100.00 54663 .1 5457

2548 14,003 85.0 1093 164950 81.0 31333 %1250 100,00 118673 .1 11847

NGRSO SO e e e e e
w —



§=10% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEISY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#e#4d YEARS TO UPFREEIE OBJECTS THRU COVER — PRELIMINARY RESULTS #eies

DRJECTS HAVE (X - R) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
T0P OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (F1): LDOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT Hi=TCT [FT] -- FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WARTER CONT.= 20.3% (80% SAT) Ku=0, 81
FROZEN DRY DENS. = 90 PCF, WATER CONT.= 29.7% C/L=.0085 L=3638 KF=1.13

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE DF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WRTER CONT.= 20.3% (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7% C/L=,0085 L=3658 KF=1.15

BOTR-COVER AND WASTE PILE USE HEAVE STRAIN, S = 10%, 95% OF MAY L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDA¥SORIN-FACTOR] = .48 (RVS) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERGTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Ri.3=0.00

FPY = RVG YEARS TO FIRST FROST PENETRATION TG DEPTH HI AND RETURN PERIOD
UP. YRS = ESTIMATED YERRS FOR DBJECT UPFREEZING FROM H1 (FOR Hf PROPS IN H3) BUT
CORRECT UP. YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3,
CONSERATIVE FOR ALL DBJECTS HAVING (X-R} ( 0.10 FT
FOR HI=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW%) OF YEARS TD UPFREEZE THRU COVER
LEOND = 1 STRANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE
FT  DJEG¥DAYS PROB. —-————— YEARS —-- PROB.X  YERRS FT  YEARS
H1 TCAVGACVE FPAVGECYX  FPY  UP.YRS CVX LBOND ABD RIOO DELTA H3M DELTA
408 14 .976 1.9 33 0.2 335 333 100.00 36 .1 36
433 14 .931 4.9 373 0.5 372 367 100.00 40 .1 40
587 14 .851 9.9 416 1.2 411 400 100,00 47 .1 47
689 14 ,737 16.7 469 2.6 457 433 100,00 9.1 39
799 14 .601 24.6 539 5.0 512 467 100.00 81 .1 81
917 14 ,463 2.9 639 8.9 582 300 100.00 119 .1 119
1044 14 ,337 41.2 793 14.5 678 533 100.00 188 .1 188
1178 14 ,233 49.0 1045 22.1 813 367 100,00 316 .1 315
1321 14 . 154 36.1 1482 31.4 1017 600 100.00 599 .1 %8
1472 14 ,097 62.3 228 41.5 1335 633 100.00 1036 .1 1039
.0 1630 14 .059 67.8 379 51.2 1852 667 100.00 199 .1 1933
2.1 1798 14 ,035 72.4 6782 59.9 2722 700 100.00 3976 .1 3970
2.2 1973 14 ,020 76.4 119 12840 67.1 4231 733 100.00 8140 .1  B127
2.3 2156 14 .011 79.8 244 23439 72.8 6916 767 100.00 17037 .1 17029
2.4 2348 14 006 B2.6 512 5188 77.4 11807 800 100.00 36442 .1 36382
2.5 2548 14,003 83.0 1033 109366 BL.0 20893 833 100.00 79115 .1 78385
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S=10% F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-13987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#:##4+ YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ###s#

DBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SI1IE, EPS.UF} STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCY

THERMAL LDAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = B75 MEAN = 935 5D.1N=, 365

Ht = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3X (80% 5AT) KU=0.81
FROZEN DRY DENS. = 30 PCF, WATER CONT.= 29.7¢ C/L=,0085 L=3638 KF={.13

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS, =100 PCF, WATER CONT.= 20.3% {(80% SAT) Ku=0. 81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7% C/L=.0085 L[=3658 KF=1.15

BOTRCOVER AND WASTE PILE USE MEAVE STRAIN, S = 104, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0,40,
LABDA*SORIN-FACTOR] = .48 (AVB) .00 (SD)
ESTIMATES USE MOD. BERGGREN EDU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, Ri.3=0.00

FPY = AVE YERRS TO FIRST FROST PENETRATION TO DEPTH Hi AND RETURN PERIOD
P, YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PRDPS IN H3) BUT
CORRECT UP. YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0.10 FT
FOR Hi=TCT: LUP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STANDARD DEVIRTION LDWER BOUND (LB),
RBD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY} UP,YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1,3=1) WST'PILE
F1_  DEG#DAYS PROB. —————— YEARS ——————— PROB.X  YEARS FT  YEARS

HI “TCAVGACVX FPAVBICVX  FPY P, YRS CVX LBOND ABD R100 DELTA H3M DELTA

408 14 ,976 1.9 252 0.2 251 250 100,00 27 .1 27
] 433 14 .931 4.9 280 0.3 279 275 100.00 30 .t 30
587 14 .851 9.9 32 1.2 309 300 100,00 5.1 35
683 14 ,737 16.7 352 2.6 343 325 100.00 44 .1 44
799 14 .601 24.6 404 5.0 384 350 100,00 61 .1 6!
917 14 463 32.9 479 8.9 437 375 100.00 89 .1 89

395 14.5 508 400 100,00 141 .1 141
784 22,1 610 425 100,00 237 .1 237
1112 31.4 763 450 100.00 419 .1 419
1710 41.5 1001 475 100,00 m .1 776
2.0 1630 14 ,059 67.8 2847 51.2 1389 500 100,00 1497 .1 1495
2.1 1798 14 .035 72,4 5087 59.9 2042 525 100.00 2982 .t 2977
2.2 1973 14,020 76.4 113 9630 67.1 3173 550 100.00 6105 .1 6095
2.3 2156 14 ,011 73.8 244 19079 72.8 5187 575 100,00 12793 .1 12712
2.4 2348 14,006 82.6 512 39141 77.4 8855 600 100,00 27331 .1 27286
2.5 2048 14 .003 83.0 1093  B2475 B1.0 15670 623 100.00 59336 .1 59239

1044 14 ,337 41,2
1178 14 ,233 49.0
1321 14 . 154 56.1
1472 14 ,097 62.3
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S=10% F=0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES —— PROGRAM UPFREEZSY -~ 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#t#e% YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #eesés

DBJECTS HAVE (X - R} = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT) — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X 5AT) KU=0. 81
FROIEN DRY DENS. = 90 PCF, WATER CONT.= 29.7% C/L=.0085 L=3638 KF=1.13

H3M = QBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X SAT) Ku=0, 81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7% C/L=,0085 L=3658 Kr=l.{5

BOTCOVER AND WASTE PILE USE HERVE STRAIN, S = 104, 95% DOF MAX L
HERVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDR¥SGRIN-FACTORY = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1,3-=0.00

FPY = AVE YEARS TD FIRST FROST PENETRATION TO DERTH H1 AND RETURN PERIGD
UP. YRS = ESTIMATED YEARS FOR ORJECT UPFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTR'S WHEN DBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0.10 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = | STANDARD DEVIRTION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROEABILITY) UP.YRS EXCEEDS 100 YEARS

[[ ]

COVER THERMAL PROPERTIES IN H3 (R1,3=1) WST'PILE
FT  DEG#DAYS PROB. ——————— YEARS -————— PROB.X  YEARS FT  YERRS
HI “TCAVGACVE FPAVERCVX  FPY  UP.YRS CVX  LBOND ABD R100 DELTA H3M DELTA

1,0 408 14 .976 1.9 1 201 0.2 201 200 100,00 2.1 2
1.1 493 14,931 4.9 { 224 0.5 223 220 100.00 24 .1 24
{,2 587 14 .851 9.9 1 250 1.2 247 240 100.00 28 .1 28
1.3 689 14,737 16.7 1 282 2.6 274 260 100,00 5.1 35
1.4 799 14 601 24.6 2 33 5.0 307 280 100,00 48 .1 48
1.9 917 14 ,463 2.9 2 383 8.9 343 300 100.00 .1 1!
1.6 1044 14 ,337 41,2 4 476 14,5 407 320 100.00 113 .1 113
1.7 1178 14 .233 43.0 6 627 22.1 488 340 100.00 1% .1 183
1.8 132! 14 .154 36.1 9 883 31.4 610 360 100,00 335 .1 335
1.9 1472 14 ,097 62.3 17 1368 41.5 801 380 100.00 62 .1 621
2.0 1630 14 .059 67.8 31 2278 Si.2 1111 400 100,00 1198 .1 1196
2.1 1798 14,035 72.4 60 4069 59.9 1633 420 100,00 2385 .1 2382
2.2 1973 14,020 76.4 119 TI04 67,1 2338 440 100,00  4BB4 .1 4876
2.3 215 14 .011 79.8 244 15263 72.8 4150 460 100,00 10234 .1 10218

2348 14 ,006 82.6 512 31313 77.4 7084 480 100.00 21865 .1 21829
2048 14 .003 B5.0 1093 63980 81.0 12336 500 100.00 47469 .1 47391
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§=20% F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#++3e+ YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS *#ess

BBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (FI): LDGNORMAL W/ MEDIAN = B7S MEAN = 935 SD.LN=. 365

H! = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT1 — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0. 81
FROZIEN DRY DENS. = B0 PCF, WATER CONT.= 37.7% C/L=.0076 L=4124 KFr=1.18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CDNT.= 20.3% (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 80 PCF WATER CONT,= 37.7% C/L=.0076 L=4124 KF=1.18

BOMTCOVER AND WASTE FILE USE HEAVE STRAIN, S = 20%, 954 OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.10,
LAMBDA*SORIN-FACTOR) = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1i.F AND K3.F, R1.3=0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TO DEPTH Hi AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR H1 PROPS IN H3) BUT
CORRECT UP, YRS FDR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0,10 FT
FOR H1=TCT: UP,YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LEOND = § STANDRRD DEVIATION LDWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HERVE STRRIN, LNR‘-'COVER FACTOR AND EPS.F
R100 = EST'ED RELIRBILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1,3<1) WST'PILE
FT1. DEG#DAYS PROB. YERRS PROB.X  YEARS FT  YEARS
Hi “TCRVGICVX FPRVGECVX  FPY  UP.YRS Cv4 LBOND ABD R100 DELTA H3M DELTA

1.0 533 14 .901 6.8 1 515 0.8 511 500 100,00 65 .1 65
1.1 645 14 .,789 13.6 1 583 2.0 577 550 100.00 82 .1 a2
1.2 767 14 .40 22.3 2 687 4.4 657 600 100.00 116 .4 115
1.3 900 14 ,482 31.8 2 835 8.6 763 630 100.00 179 .1 1719
1.4 1044 14 ,336 41,3 4 1076 15.1 913 700 100.00 304 .1 303
1.5 1199 14 .220 50.1 & 1507 24.2 1142 750 100.00 557 .1 356
1.6 1364 14 ,135 58.0 11 2331 35.2 1510 800 100,00 1091 .1 1090
1.7 1540 14 ,079 64.8 2 4007 46,7 2137 850 100.00 2262 .1 2258
1.8 1726 14 ,044 70.5 45 7593 57.1 3259 900 100,00 4909 .1 4893
1.9 1923 14 ,024 75.4 98 15583 65.7 5346 930 100.00 11070 .1 11046
2.0 2131 14 .012 79.4 221 33992 72.4 9368 %1000 100.00 25749 .1 2569
4

2.1 2350 14 ,006 82,6 515 77579 77.6 1735 %1050 100.00 61427 .1 6129
3

2.2 2579 14 .003 85.4 1229 183072 B1.6 33628 %1100 100.00 149558 .1 14923
7

2.3 2818 14 ,001 B7.6 2991 442906 B4.8 £7496 %1150 100,00 370111 .1 3693
3

2.4 3063 14 ,001 83.5 7402 10731838 B7.2 %139275 %1200 100.00 927752 .1 925
7%

2.5 3330 14 .000 91,0 (8555 2730138 89.2 %293723 x1250 100.00 2348848 .1 2343

£



§=20% F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — FPROGRAM UPFREEZISY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#reie YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #eess

OBJECTS HAVE (X - A) = 0,10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICHNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LDGNORMAL W/ MEDIAN = 870 MEAN = 935 SD.LN=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT) — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3x (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 80 PCF, WATER CONT,= 37.7% C/L=.0076 L=4124 KF=1.18

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL-—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% {B0X SAT) KU=0. 81
FROZEN DRY DENS. = 80 PCF WATER CONT.= 37.7X C/L=.0076 L=4124 KF=1,18

BOTRCOVER AND WASTE PILE USE HEAVE STRAIN, § = 20%, 35% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.29,
LAMEDA£SORIN-FACTOR] = .48 (AVE) .00 (SD)
ESTINATES USE MOD. BERGGREN ERU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0,00

FPY = AVD YERRS TD FIRST FROST PENETRATIDN TO DEFTH H1 AND RETURN PERIDD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR HI PROPS IN H3) BUT
CORRECT UP. YRS FOR DIFFERENCE IN DELTAR'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DRJECTS HAVING (X-R) ( 0,10 FT
FOR H1=TCT: UR.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEIE THRU COVER
LEOND = | STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HERVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UF.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN K3 (R1.3-1) WST'PILE
FT _  EG#DAYS PROB. - YEARS — PROB.X  YEARS FT  YERRS
1 TCAVGLCVX FPAVBACVE  FPY  UP.YRS Cvx LBOND ABD R100 DELTR H3M DELTA
533 14 .901 6.8 258 0.8 25 250 100.00 2.1 32
5 14 .78% 13.6 294 2.0 288 275 100.00 L) 41
7 14 640 22.3 344 4.4 329 300 100.00 58.1 38
417 8.6 382 325 100.00 90 .1 83
538 15.1 437 350 100.00 15 .1 152
753 24.2 571 375 100,00 278 .1 278
1364 14 ,135 58.0 1165 35.2 755 400 100.00 546 .1 545
1540 14 .079 64.8 €004 46,7 1069 425 100.00 1131 .1 1129
1726 14 .044 70.5 45 3797 57.1 1629 450 100.00 2435 .1 2430
1923 14 .024 75.4 98 7791 65.7 2673 475 100,00 5335 .1 5533
2131 14 .012 79.4 221 16996 72.4 4684 500 100.00 12874 .1 12847
2.1 2350 14,006 82.6 515 38790 77.6 8678 525 100,00 30713 .1 30647
2.2 2379 14 .003 85.4 1229 91536 81.6 16814 5%0 100.00 74779 .1 74b!IS
2.3 2818 14 .001 87.6 2931 221433 84,8 33748 575 100.00 185096 .1 184661
2.4 3069 14 ,001 89.5 7402 SAI919 87.2 69638 600 100.00 4b3876 .1 462898
2.5 3330 14 .000 91.0 1BSST 1365069 83.2 X146864 £25 100.00 1174424 .1 117199

0

1

2

3 900 14 .482 31.8
4 1044 14,336 41.3
5 1199 14,220 50.1
b
7
8
9
0
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§=20% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZSY — 04-0B-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#ereed YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS s

OBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (F1): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 363

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFRDZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X SAT) Ku=0, 81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7% C/L=.0076 L=4124 KF=1.18

H3M = DRJECT LENGTH FOR MAX UPFREEIE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT,= 20.3% (80% 5AT) KU=0. 81
FROZEN DRY DENS. = 80 PCF WATER CONT.= 37.7X £/L=,0076 L=4i24 KF=1.18

BOW-COVER AND WASTE PILE USE HEAVE STRAIN, S = 20%, 95¢ OF MAX L
HEAVE FRACTION NOT RECOVERED DN THOWING, F = 0.30,
LAMEDA*SORIN-FACTOR] = .48 (RVS) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0,00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH H1 AND RETURN PERIDD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H! (FOR H!I PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-Ai} ¢ 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LEOND = { STANDARD DEVIATION LOWER BOUND (LB),
RBD = ABOND = ABSOLUTE LB FOR HERVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBRBILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 {R1.3=1) WST'PILE
FT  DEB#DAYS PROB. YEARS PROB.X  YEARS FT  YEARS
1 ~TCAVGACVX FPAVGECVX  FPY  LP.YRS Cvx LBOND ABD R100 DELTA H3M DELTA

{.0 533 14 ,901 6.8 1 172 0.8 170 167 100.00 2 .1 &
f.1 645 14 .789 13.6 1 196 2.0 192 183 100.00 27 .1 27
1.2 767 14 .640 22.3 2 229 4.4 219 200 100.00 39 .1 38
1.3 900 14 .482 31.8 2 278 8.6 254 217 100.00 80 .1 60
1.4 1044 14 .336 41.3 4 359 15.1 304 233 100,00 101 .1 104
1.5 1199 14 .220 50.1 6 502 24.2 381 250 100.00 186 .1 185
1.6 1364 14 .135 58.0 1 777 35.2 503 267 100.00 364 .1 363
1.7 1540 14 .079 64.8 a2 1336 46.7 712 283 100,00 754 .1 733
1,8 1726 14 .044 70.5 45 2531 57.1 1086 300 100.00 1636 .1 1633
1.9 1323 14 .024 73.4 98 5194 65.7 1782 317 100.00 3690 .1 3682
2.0 2131 14 ,012 79.4 221 11331 72,4 3123 333 100,00 8583 .1 8365
2.1 2350 14 ,006 82.6 515 25860 77.6 5785 350 100.00 20476 .1 20432
2.2 2579 14 .003 85.4 1229 61024 B1.6 11209 367 i00.00 49853 .1 49746
2.3 2818 14 .001 87.6 2331 147635 84.8 22499 383 100.00 123370 .1 123108

2.4 3069 14 .001 B9.5 7402 363946 B87.2 46425 400 100.00 309251 .1 308599
2.5 3330 14 .000 91,0 18555 910046 89.2 97910 417 100,00 782343 .1 781327



S=20% F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEISY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#EHEE YEARS TO UPFREEZE DBJECTS THRU COVER — PRELIMINARY RESWLTS #eas:

DRJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
T0P OF WASTE PILE—BQTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = B75 MEAN = 935 SD.LN=, 365

Hl = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SDIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) KuU=0. 81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7% C/L=.0076 L=4124 KF=1.18

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STRRTING IN:

H3 = WASTE PILE OF SOIL-—HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3X (80X SAT) KU=0, 81
FROZEN DRY DENS. = 80 PCF MATER CONT.= 37.7% C/L=,0076 {=4124 KF={.18

BOTHTOVER AND WASTE PILE USE HEAVE STRAIN, S = 20%, 95% OF MAYX L
HEAVE FRACTION NCT RECOVERED ON THAWING, F = 0. 40,
LAMBDASERIN-FACTOR] = .48 (RVE) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, Ri.3=0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR ORJECT UPFREEZING FROM H1 (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3,
CONSERATIVE FOR ALL ORJECTS HAVING {¥-A) ( 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBROND = 1 STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (Ri.3=1) WST'PILE
F1.  JEG#DAYS PROB, —-———— YERRS - -- PROB.X  YEARS T  YEARS
Hi TERVGRCVX FPAVGECYX  FPY  UP.YRS CVX LBOND ABD R100 DELTA H3M DELTA
1.0 533 14,901 6.8 129 0.8 128 125 100.00 16 .1 16

. 645 14 .789 13.6 147 2.0 144 138 100.00 21 .1 el
767 14 640 22.3 172 4.4 164 150 100,00 29 .1 29
900 14 .482 31.8 203 8.6 19! 163 100.00 45 .1 45
.4 1044 14 .336 41.3 269 15.1 228 173 100.00 76 .1 76
.9 1193 14 .220 30.1 377 24.2 283 188 100.00 139 .1 133

583 35.2 377 200 100.00 273 .1 272
1002 46.7 534 213 100,00 565 .1 564
1838 57.1 815 225 100.00 1227 .1 1225
1323 14 .024 75.4 38% 65.7 1336 238 100,00 2767 .1 2762
213! 14 .012 79.4 8498 72.4 2342 230 100.00  BA37 .1 6423
2330 14 .006 82.6  S15 19395 77.6 4339 263 100.00 13357 .1 15324
2579 14 .003 85.4 1229 45768 81.6 8407 275 100,00 37390 .1 37309
2818 14 .001 87,6 2371 110727 84.8 16874 288 100.00 92528 .1 92331
3069 14 .001 89,5 7402 272960 87.2 34813 300 100.00 231938 .1 231449
3330 14 .000 91,0 18355 682535 89.2 73432 313 100.00 3587212 .1 583935

1364 14 .135 58.0
1340 14 ,079 64.8
1726 14 ,044 70,5
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S=20% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZDY — 04-08-1987
WANVILLE WAUKEGAN, ILL PLANT WASTE PILE
siee#d YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESILTS ##tesd

OBJECTS HAVE (X - R) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STRRTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 365

H! = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X GAT) KU=0. 81
FROZEN DRY DENS., = 80 PCF, WATER CONT.= 37.7% C/L=.0076 L=4124 KF=1.18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL-—HAVING:

UNFROZEN DRY DENS.=10C PCF, WATER CONT.= 20.3X (80X SAT) Ku=0, 81
FROZEN DRY DENS. = 80 PCF WATER CONT.= 37.7% C/L=,0076 L=4124 KF=1,18

BO™COVER AND WASTE PILE USE HEAVE STRAIN, § = 20%, 954 OF MAX L
HERVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDA#SARIN-FACTORT = .48 (AYE) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1.3=0.00

FPY = AYG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIDD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP. YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DRJECTS HAVING (X-R) ( 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV%) OF YEARS TO UPFREEIE THRU COVER
LEOND = | STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ARSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
P100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE
F1  DEG#DAYS PROB. - YEARS — PROB.%  YEARS FT  YEARS
H1 TCAVGRCYX FPAVGRCVE  FPY  UP.YRS CVX LBOND ABD R100 DELTA H3M DELTA
1.0 533 14 .90t 6.8 1 103 0.8 102 100 100.00 13 .1 13
1.1 645 14,789 13.6 1 118 2.0 115 110 100.00 16 .1 16
1.2 767 14 ,B40 22.3 137 4.4 131 120 100.00 23 .1 23
1.3 900 14 ,482 31.8 167 8.6 133 130 100.00 3 .1 36
1.4 1044 14 ,336 41.3 215 15.1 183 140 100.00 61 .1 61
1.9 1199 14,220 50.1 301 24,2 228 150 100.00 1t .1 i
1.6
1.7
1.8
1.9

2
c
4
6
1364 14 . 135 58.0 11 466 35.2 302 160 100,00 218 .1 218
1540 14 ,079 64,8 2 801 46.7 427 170 100.00 432 .1 452
45
98

1726 14 . 044 70.5 1519 7.1 652 180 100.00 982 .1 980
1923 14 .024 75.4 3117 65.7 1069 190 100,00 2214 .1 2209
2.0 2131 14,012 79.4 221 6798 7.4 1874 200 100.00 5150 .1 5139
2.1 2350 14 ,006 B2.6 5! 13516 77.6 3471 210 100.00 12285 .1 12259
2.2 2579 14 .003 85.4 1229 36614 B1.6 6726 220 100.00 29912 .1 29847
2.3 2818 14 .001 87.6 2391 88581 84.8 13499 230 100.00 74022 .1 738635
2.4 3063 14,001 B9.5 7402 218368 87.2 27855 240 100.00 185550 .1 185159
2.3 3330 14,000 91.0 1835% 546028 83.2 58746 230 100.00 469770 .1 46879



§=30% F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEISY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
e YEARS TO UPFREEIE DBJECTS THRU COVER — PRELIMINARY RESILTS #e#ss

OBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE——BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNDRMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 365

HY = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3%X (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47.9% C/L=.0068 L=45%0 KF=1.23

H3M = DRJECT LENGTH FOR WAX UPFREEZE, STRRTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X SAT) Ku=0. 81
FROZEN DRY DENS, = 70 PCF WATER CONT.= 47.9%X C/L=.0068 L=439¢ KF=1.23

BOM-COVER AND WASTE PILE USE HEAVE STRAIN, S = 30%, 954 OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0. 10,
LAMBDA*SGRIN-FACTOR] = .48 (RVS) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Ri.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TD DEPTH H! AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR ORJECT UPFREEZIING FROM H {FOR HI PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-R) ( 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LBOND = | STANDARD DEVIATION LCWER BOUND (LB),
ABD = ABOND = ARSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIREILITY (PROBRBILITY) UP,YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST*RILE
FT  DEG#DRYS PROB. YEARS PROB.X  YEARS FT  YEARS
HI “TCAVGACVX FPAVGACVX  FPY  UP.YRS CVx LBOND ABD R100 DELTA H3M DELTA

1.0 667 14 .763 15.2 1 364 2.4 355 333 100.00 60 .1 680
1.1 807 14 .591 25.2 2 440 5.7 415 367 100.00 92 .1 32
1.2 96! 14 .417 35.9 3 564 11,5 500 400 100.00 158 .1 158
1.3 1128 14 ,269 46.2 3 794 20.5 63! 433 100,00 301 .1 300
1.4 1308 14 .160 35.5 S 1258 32.3 832 467 100.00 627 .1 625
1.5 150! 14,089 63.4 19 2273 43.1 1248 500 100.00 1404 .1 1400
1.6 1708 14 ,047 70.0 42 4642 56.8 2004 533 100.00 3335 .1 3327
1.7 1928 14 .023 75.5 100 10465 66.3 3524 567 100.00 8310 .1 8288
1.8 2162 14 .011 79.9 243 23373 73.6 6709 600 100,00 21506 .1 21448
1.9 2408 14 ,005 83.4  6AS  B4793 79.0 1363! £33 100.00 57346 .1 57192
2.0 2669 14 .002 86,3 1720 171747 83,0 29133 667 100.00 1396530 .1 156130
2.1 2942 14 .001 B8.6 4695 467619 BG.2 64720 700 100.00 435194 .1 434041
2.2 3229 14,000 90.5 13056 1298512 88.6 X148102 733 100.00 1226531 .1 122333
6

2.3 3529 14,000 92.0 36798 3658074 90.5 %346754 767 100.00 3492534 .1 3483635
1

2.4 3BA3 14,000 33.2 104776 10412570 92.1 2826464 BOO 100,00 %10016460 .1 9991
550

2.3 4170 14 ,000 94.2 300436 2985273C 932.3 %1937413 B33 100,00 %28863850 .1 X28
794100



8=30% F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM URFREEZSY -- 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WRSTE PILE
se¥44# YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESILTS #Hxied

DRJECTS HAVE (X - A) = (.10 FT {EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 5D.LN=.365

H{ = DEPTH OF COVER ABOVE OBJECT, STARTING AT Hi=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0. 81
FROIEN DRY DENS, = 70 PCF, WATER CONT.= 47.9% C/L=.0068 L=45%0 KF=l.23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (BOX SAT) KU=0. 81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9% C/L=.0068 (=433 KF=1.23

BO™-<OVER AND WASTE PILE USE HEAVE STRAIN, § = 301, 954 OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA*SERIN-FACTOR] = .48 {AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN ERU. W/ KERSTEN KF'S AND + 0% - 25X ERROR IN HF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0.00

FRY = AVG YEARS TO FIRST FROST PENETRATION TD DEPTH Kt AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM H1 (FOR Hi PROFS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-f) ( 0.10 FT
FOR H1=TCT: UF.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEIE THRU COVER
LEOND = { STANDARD DEVIATION LDWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIRBILITY (PROBREILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1,3=1) WST'PILE
FT  EG#DAYS PROB. YEARS PROB.AX  YEARS FT  YERRS
HI “TCRVGACVX FPAVGRCVX.  FPY  UP.YRS CV% LBOND ABD R100 DELTR H3M DELTA
1.0 667 14 ,763 15.2 i 182 2.4 177 167 100.00 30 .4 30

1.1 807 14,591 2.2 2 220 5.7 207 183 100.00 4 .1 46
1.2 961 14 .417 30.9 3 282 11.5 250 200 100.00 79 .1 3
1.3 1128 14 .269 46.2 3 337 20.5 316 217 100.00 130 .1 150
{.4 1308 14 .160 55.5 9 629 32.3 426 233 100.00 313 .1 313
1.5 §901 14 .089 63.4 19 1136 45.1 624 250 100.00 702 .1 700
1.6 1708 14 .047 70,0 42 2321 56.8 1002 267 100.00 1668 .1 1663
1.7 1928 14 .023 75.5 100 5233 66.3 1762 2B3 100.00 4135 .1 4144
1.8 2162 14 .011 79.9 249 12687 73.6 3354 300 100.00 10753 .1 10724
1.9 25408 14 .005 83.4  BAS 32400 73.0 6816 317 100.00 28673 .1 28596
2.0 2669 14 .002 B6.3 1720  B3874 83.0 14366 333 100.00 78275 .1 78065
2.1 2942 14 .001 88.6 4696 233BI10 BE.2 32360 350 100.00 217537 .1 217020
2.2 3229 14 .000 90.5 13036 649256 88.6 74051 367 100,00 613295 .1 611698
2,3 3529 14 .000 92.0 36798 1829037 90,5 X173377 383 100.00 1746267 .1 174182
5

2.4 3843 14 .000 93.2 104776 5206285 2.1 %413232 400 100.00 5008229 .1 499377
5 .

2.5 4170 14 .000 34,2 30049 14326360 93.3 2998706 417 100,00 X14431330 .1 X143
97050



8=30x F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEISY — 04-08-1987
MANVILLE WALKEGAN, ILL PLANT WASTE PILE
#eares YEARS TO UPFREEZE DBJECTS THRU COVER — PRELIMINARY RESULTS ##esss

DBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LORD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = B75 MEAN = 935 SD.LN=. 363

Ht = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT1 -- FINE-GRAINED SOIL
UNFROZEN DRY DENS, =100 PCF, WATER CONT.= 20.3% (80X SAT) Ku=0. 81
FROIEN DRY DENS. = 70 PCF, WATER CONT.= 47.9% C/L=.0068 L=4590 KF=1.23

H3M = DBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WARTER CONT,= 20.3% (80% S5AT) Ku=0, 81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9X C/L=.0068 L=4390 Kr={,23

BOMCOVER AND WASTE PILE USE HERVE STRAIN, S = 30%, 95x OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LANBLP#SORIN-FACTOR] = .48 (RVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 23% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Ri.3=0.00

FRY = AVG YEARS TO FIRST FROST PENETRATION TO DEFTH K1 AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DBJECTS HAVING (X-R) ( O0.10 FT
FCR H1=TCT: UP.YRS IS AN ESTIMATE {+ QR - CVX) OF YEARS TO UPFREEZE THRU COVER
LEOND = | STANDARD DEVIATION LOWER BOUND (LB),
ABD = AROND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R10G = EST'ED RELIRBILITY (PROBARILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE
FT  JEG#DAYS FPROB. —————— YEARS — PROB.X  YERRS FT  YEARS
H1 “TCAVGACVX FPAVGECVX  FPY  UR.YRS CVX  LBOND ABD R100 DELTA H3¥ DELTA
1.0 667 14,763 15,2 124 2.4 118 111 100.00 20 .1 20
t.1 807 14 .59 25.2 147 5.7 138 122 100.00 3t .1 31
961 14 .417 35.9 188 11.5 167 133 100.00 33 .1 23
1128 14 .269 46.2 265 20.5 210 144 100.00 100 .1 100
1308 14 . 160 55.5 419 32,3 284 156 100.00 209 .1 208
1501 14 .089 63.4 1 758 45,1 416 167 100.00 468 .1 467
1708 14 . 047 70,0 42 1947 56,8 668 178 100.00 1112 .1 1108
1928 14 .023 75.5 100 3488 66,3 1175 189 100.00 2770 .1 2763
2162 14 .011 79,9 249 8458 73.6 2236 200 100.00 7169 .1 7149
2408 14 .00 83.4  B43 21600 79.0 4544 211 100.00 19115 .1 13064
2669 14 ,002 86.3 1720 57249 83.0 971! 222 100.00 52183 .1 52043
2942 14 ,001 88,6 4636 155873 86,2 21573 233 100.00 143065 .1 144680
3229 14 .000 90,5 13056 432837 BB.6 43367 244 100.00 408864 .1 407799
3523 14 000 92.0 36738 1219358 90.5 X115585 256 100,00 1164178 .1 116121

b
.
n

M= O W 3 hn es»=w

W W O e

3843 14 .000 93.2 104776 3470857 92.1 %275488 267 100.00 3338820 .1 333051

>

4170 14 ,000 94,2 3004356 9950909 92.3 2665804 278 100,00 9621285 .1 929803
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8=30% F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES —— PROGRAM UPFREEIDY ~— 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#eaed YERRS TO UPFREEZE QBJECTS THRU COVER — PRELIMINARY RESULTS ¥

ORJECTS HAVE (X - A) = 0,10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL TRICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

H{ = DEPTH OF COVER ABDVE OBJECT, STARTING AT HI=TCT {FT] —— FINE-GRAINED SOIL
UNFROZEN DRY DENS,={00 PCF, WATER CONT.= 20.3% (80X SAT) KU=0, 81
FRCIEN DRY DENS. = 70 PCF, WRTER CONT.= 47.9% C/L=,0068 L=4530 KF=1,23

H3M = DRJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3% (80% 5AT) KU=0. 81
FROIEN DRY DENS, = 70 PCF WATER CONT.= 47,9% C/L=,0068 L=4590 KF=1.23

ROW—COVER AND WASTE PILE USE HEAVE STRAIN, § = 30%, 95% OF MAX L
HERVE FRACTION NOT RECOVERED ON THRWING, F = 0,40,
LAMBDA*SORIN-FACTOR] = .48 (AVG) .00 (SD)
ESTIMATES USc M0D. BERGGREN EQU. W/ KERSTEN KF'S AND + 0X - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, R1.3=0.00

FPY = AVE YEARS TO FIRST FROST PENETRATION TD DEPTH Hf AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN DBJECT IN H3,
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ¢ 0.10 FT
FOR HI=TCT: UR.YRS IS AN ESTIMATE {+ OR - CVX) DF YEARS TO UPFREEZE THRU COVER
LBOND = { STANDARD DEVIATION LOWER BOUND (LB),
fABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EFS.UF
R100 = EST'ED RELIABILITY (PROBRBILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (RL.3=1) WST'PILE
FT  DEG#DAYS PROR. -———— YERRS — PROB.X  YEARS FT  YEARS
H1 ~CAVGECYX FPAVGECVA  FPY  UP.YRS CVX  LBOND ABD R100 DELTA H3® DELTA
1.0 667 14 .763 15.2 1 91 2.4 89 83 0.0 15 .1 15
1.1 807 t4 ,591 25.2 2 110 5.7 104 92 94.54 23 .1 23
1.2 961 14,417 35.9 3 181 1.5 125 100 100.00 39.
3

1 39
1.3 1128 14 ,269 46.2 198 20.5 158 108 100.00 75.1 75
1.4 1308 14 .160 55.5 3 314 3.3 213 117 100,00 157 .1 156
1.5 1501 14 ,089 £3.4 19 568 45.1 312 125 100.00 351 .1 350
1.6 1708 14 , 047 70.0 &2 1161 56.8 501 133 100,00 834 .1 832
1.7 1928 14,023 75.5 100 2616 66.3 88! 142 100.00 2078 . 1 2072
1.8 2i6c 14 .011 79.9 249 6343 73.6 1677 150 100,00 5376 . G362
1.9 2408 14 .00 83.4  £45 16200 79.0 3408 158 100.00 14337 .1 14238
2.0 2669 14 .002 86.3 1720 42937 83.0 7283 167 100,00 39138 .1 39033
2.1 2942 14 .001 88.6 463 116905 86.2 16180 175 100.00 108798 .1 108510
2.2 3229 14 .000 90.5 13056 324628 88.6 37026 1B3 100,00 3066548 .1 305849
2.3 3523 14 .000 32,0 36798 914519 90.5 86688 132 100.00 873133 .1 870913
2.4 3843 14 ,000 93.2 104776 2602143 92.1 %206616 200 100.00 2504115 .1 249788

4170 14 000 94.2 3004% 7463182 93.3 %439353 208 100.00 7215964 .1 719852
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§=30¢ F=0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#eexed YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #essis

DRJECTS HAVE (X - R} = 0,10 FT (EFFECTIVE PARTICLE SIZE, EPS,UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNDRMAL W/ MEDIAN = 870 MEAN = 935 SD.LN=. 365

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT,= 20.3% (80% SAT) KU=0, 81
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47.9%X C/L=.0068 L=4530 KF=1{,23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3X (B0% SAT) KU=0. 81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9% C/1=.0068 L=4330 KF=1.23

BOTR™TOVER AND WASTE PILE USE HEAVE STRAIN, § = 30%, 95% OF MAX L
HERVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAXEDA¥SORIN-FACTOR] = .48 (AYG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, R1.3=0.00

FPY = AVG YERARS TO FIRST FROST PENETRATION TQ DEPTH H! AND RETURN PERIOD
P, YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL ORJECTS HAVING (X-A) ( 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STANDARD DEVIATION LOWER BOUND (LB),
RBD = AEOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY {(PROBARILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

FT EG#DAYS PREOB. —-—--— YEARS ~——-—-——- PROB.X  YERRS FT  YERRS
Wi TCAVGACVX FRAVGCWE  FPY  UP.YRS CV% LBOND ABD R100 DELTA H3¥ DELTA
1.0 667 14 .763 15.2 1 73 2.4 71 67 0.00 12 .1 12
1.1 BO7 14 .591 25.2 2 88 5.7 B3I 713 0.78 18 .1 18
1.2 961 14 .417 35.9 3 113 11.5 100 80 84.46 x.1 2
1.3 1128 14 .269 46.2 3 153 20,3 126 87 97.76 £0 .1 60
1.4 1308 14 .160 5.5 9 252 3.3 170 93 99.45 125 .1 125
1.5 1501 14 .083 63.4 {9 455 45.1 250 100 100.00 28! .1 280
1.6 1708 14 ,047 70.0 42 928 S6.8 401 107 100.00 867 .1 663
1.7 1528 14,023 75.5 100 2093 66.3 705 113 100.00 1662 .1 1658
1.8 2162 14 .011 78.9 249 K75 73.6 1342 120 100.00 4301 .1 4290
1.9 2408 14,005 83.4 645 12960 79.0 2726 127 100.00 11463 .1 11438
2.0 2669 14 ,002 86,3 1720 34349 B3.0 5827 133 100.00 31310 .1 31226
2.1 2942 14 ,001 88.6 4636 93324 86.2 12944 140 100.00 87039 .1 86808
2.2 3229 14,000 90.5 13056 253702 B88.6 29620 147 100,00 245318 .1 244679
2.3 3523 14 .000 92.0 36738 731615 90.5 £3351 153 100.00 638507 .1 636730
2.4 3843 14 ,000 93.2 104776 2082514 92.1 %165233 160 100,00 2003292 .1 19983t

2.5 4170 14,000 94,2 300436 S970545 93.2 %399483 167 100.00 5772771 .1 575882
1



S=40% F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1387
MANVILLE WRUKEGAN, ILL PLANT WASTE PILE
#¥#¢¢ YEARS TO UPFREEZE ORJECTS THRU COVER — FRELIMINARY RESULTS #earis

DRJECTS HAVE (X - A) = 0,10 FT (EFFECTIVE PARTICLE 5I1IE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOW OF COVER OF TOTAL THICKAESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 365

H1 = DEPTH OF COVER ABOVE CORJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3X (80% SAT) Ku=0. 81
FROIEN DRY DENS. = &0 PCF, WATER CONT.= 6[.6X C/L=.0062 L=5057 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STRARTING IN:

H3 = WASTE PILE OF SDIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER [ONT.= 20,3% (80% SAT)
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61.6% C/L=. 0062

Ku=0. 81
L=5037 KF=1.30
BIMrCOVER AND WASTE PILE USE HEAVE STRAIN, S = 40%, 95% OF ¥AX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.10,
LAMBDA#SORIN-FRCTORY = .48 (AVB) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH Hi AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR DBJECT UPFREEZING FROM HI (FDR HY PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3,
CONSERATIVE FOR ALL OBJECTS HAVING (X-R) ( 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE {+ OR - CVX) OF YEARS TD UPFREEZE THRU COVER
LBOND =  STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBRBILITY) UP, YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1)  WST'PILE
F1  DEG#DAYS PROB. -~ YEARS —————— PROB.X  YEARS FT  YEARS
HISTCAVGSCVX FPAVGICVX  FPY  UP.YRS CVX LBOND ABD R100  DELTA H3® DELTA
1.0 B03 14 .597 24.8 2 303 5.7 286 250 100.00 71 .1 7
1.1 971 14 .406 36.6 3 404 12,4 354 275 100.00 130 .1 130
1.2 1156 14 .248 47.8 5 605 22.9 465 300 100.00 271 .1 270
1.3 135 14,138 57.7 11 1050 36.4 66 325 100.00 621 .1 619
1.4 1573 14,071 659 25 2134 50.2 1063 350 100.00 1546 .1 1542
1.5 1806 14 .034 72.6 62 4960 51.9 1888 375 100.00 4106 .1 4093
1.6 2055 14 .016 78.0 164 12745 70.9 3712 400 100,00 11467 .1 11430
1.7 2319 14 .007 82,2 459 35135 77.4 7933 425 100,00 33311 .1 33202
1.8 2600 14 .003 85.6 1332 101654 82.2 18075 450 100.00 99725 .1 99404
1.9 2897 14 .00 88.2 3389 304237 85.8 43214 475 100.00 305441 .1 304468
2.0 3210 14 .000 90.3 12218 932688 BA.S %107098 500 100.00 951462 .1 94848
4
2.1 3539 14 .000 92.0 38053 2908433 90.6 %27271B 525 100,00 3000025 .1 239087
4
2.2 3884 14,000 93.4 120001 177400 92.3 %708954 550 100,00 9537904 .1 950960
7

ro
w

4245 14 . 000 94,4 381516 29186240 33.6 %1872271 575 100,00 X30479780 .{ %30
331300

2.4 4623 14,000 95,3 x1219190 93251800 94.6 %5003732 600 100.00 %97651340 .1 %
97373000

2.5 $016 14 ,000 96.0 %3906034 %207219500 95,2 %9870533 625 100.00 %130284000 .
1 130301100



5=40% F=0,20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROSRAM LPFREEZSY - 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#####+ YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #aetid

DRJECTS HAVE (X - A} = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (FI):; LOGNORMAL W/ MELIAN = B75 MEAN = 335 SD,LN=, 365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-BRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3% (B80% SAT) Ku=0, 81
FROZEN DRY DENS. = B0 PCF, WATER CONT.= 61.6% C/L=.0052 L=5037 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL-—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (BO% SAT) Ku=0. 81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61.6% C/L=.0062 L=3057 KF={.30

BOTR™COVER AND WASTE PILE USE HEAVE STRAIN, § = 40%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA£SERIN-FACTORY = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERSGREN EQU. W/ KERETEN KF'S AND + 0% - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, RI.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR DRJECT UPFREEZING FROM H! (FOR H1 PROFS IN H3) BUT
CORRECT UP, YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL ORJECTS HAVING {X-R) ( 0.10 FT
FOR Hi=TCT: UP.YRS IS AN ESTIMATE (+ DR - CVX) OF YEARS TO UPFREEZE THRU COVER
LEBIND = | STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ARSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EFS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YERRS

COVER THERMAL PROPERTIES IN H3 {(R1.3=1) WST'PILE
F1 EG#DAYS PROB, -————— YEARS ————— PROB.X  YEARS FT  YEARS
Hi YCAVGECVX FPAVGECYX  FPY  LP.YRS CVX LBOND ABD R100 DELTA H3% DELTA
B03 14 .597 24.8 2 15¢ 5.7 143 125 100,00 36 .1 35

0

1.1 971 14,406 36.6 3 202 12.4 177 138 100,00 65 .1 63

1.2 1156 14 ,248 47.8 i} 302 22.9 233 150 100,00 135 .1 135

1.3 1356 14 .138 57.7 1 525 3.4 334 163 100.00 311 .1 310

1.4 1573 14 ,071 65.9 29 1067 50.2 532 175 100.00 773 .1 ™

1.5 1806 14 .034 72.6 62 2480 61.9 944 188 100,00 2053 .1 2046

1.6 2055 14 ,016 78.0 164 6373 70.9 1836 200 100.00 5734 .1 5713

1.7 2319 14 .007 82.2 459 17568 77.4 3966 213 100,00 16656 .1 16602

1.8 2600 {4 .003 85.6 1332 50827 82.2 9038 225 100.00 49863 .1 49702

1.9 2897 14 ,00! 88.2 3383 152118 B5.8 21607 238 100.00 132721 .1 152234

2.0 3210 14 ,000 30,3 12218 466344 BB.S 53049 250 100.00 A75731 .1 AT4242

2.1 3339 14 .000 32.0 38053 1434217 90.6 %136353 263 100.00 1500014 .1 1439543
7

2.2 3BB4 14,000 93.4 120001 4588700 92.3 %354477 275 100.00 4768952 .1 475480
4

2.3 A246 14 .000 94.4 381516 14593120 93.6 %936135 288 100.00 %15239890 .1 %151
95350

2.4 4623 14 .000 95,3 %1219190 46625300 94.6 X2T01866 300 100.00 X48825670 .1 %
48683500

2.5 5016 14,000 96.0 %3306034 %{03603700 93.2 ¥4335270 313 100.00 %65142010 .1
%65150340



§=40% F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WARSTE PILE
see#de YEARS TO UPFREEIE DBJECTS THRU COVER — PRELIMINARY RESULTS ##xzs

ORIECTS HAVE {X - A} = 0,10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF} STARTING AT
TOP GF WASTE PILE--BOTTOM 0F COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNDRMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 365

H{ = DEPTH OF COVER ABQVE OBJECT, STARTING AT HI=TCT [FTI — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT,= 20.3% (B0% SAT) Ki=0. 81
FROZEN DRY DENS. = &0 PCF, WATER CONT,= 61.6% C/L=.0062 L=0057 KF=!.30

H3¥ = OBRJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X SAT) Ku=0. 81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61.6% C/L=,0062 L=3037 KF=1.30

BOMYCOVER AND WASTE PILE USE HEAVE STRAIN, § = 40%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMEDASSQRIN-FACTOR] = .48 (AVE) .00 (SD)
ESTIMATES USE MOD. BERGGREN EOU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Ri.3=0.00

FPY = AVG YERRS TO FIRST FROST PENETRATION TD DEPTH H! AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR DBJECT UPFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERARTIVE FOR ALL OBJECTS HAVING (X-R) { 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YERRS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
RBD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBREILITY) UP. YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1,3=1) WST'PILE
FT  DEG#DAYS PROB. —————- YEARS ————-—- PROE.X  YEARS FT  YEARS
Hi “TCAVGECVX FPAVGECYX  FPY  UP.YRS CVx LBOND ABD R100 DELTA H3M DELTA
1.0 BO3 14 ,597 24.8 2 101 5.7 95 83 57.34 24 .1 24
1.1 971 14 .406 36.6 3 135 12,4 118 32 98.60 43 .1 43

1.2 1156 14 .248 47.8 3 202 22.9 155 100 100.00 9% .1 90
1.3 1356 14 .138 91.7 i1 350 36.4 223 108 100.00 207 .t 206
1.4 1573 14 .071 65.9 K] 711 0.2 334 117 100.00 315 .4 Si4
1.5 1806 14 ,034 72.6 62 1653 61.9 629 125 100.00 1369 .1 1364
1.6 2055 14 ,016 78.0 164 4249 70.9 1237 133 100.00 3822 .1 3810
1,7 2319 14,007 82.2 453 11712 77.4 2644 142 100.00 11104 .1 11068
1.8 2600 14 .003 B3.6 1332 33880 82,2 6025 150 100.00 33242 .1 33135
1.9 2837 14 .001 88.2 3983 101412 BD.8 14405 158 100.00 101814 .1 101483
2.0 3210 14,000 90.3 12218 310896 88.5 35693 167 100.00 317154 .1 31616
2.1 3539 14 ,000 92.0 38033 963478 30.€ 90306 !73 100,00 1000010 .1 935358
2.2 3884 14 ,000 93.4 120001 3059133 92.3 x236318 183 100.00 3179302 .1 316986
9

2.3 4246 14 ,000 94.4 381516 9728747 93.6 %624090 132 100,00 210159930 .1 %101
30630

2.4 AB23 14 ,000 95.3 %1219190 31082930 94.6 X16E7311 200 100,00 X32550450 .1 %
3245%70
2.5 35016 14 . 000 96.0 %3306034 63073160 95.2 %3230180 208 100,00 %43428010 .1 %
43433690



S=40% F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
skx### YEARS TO UPFREEIE OBJECTS THRU COVER — PRELIMINARY RESULTS #is#+

OBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF} STRRTING AT
TOF OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICHNESS = TCT

THERMAL LOAD FREEZE INDEX {(FI): LOGNORMAL W/ MEDIAN = B75 MEAN = 935 5D.LN=. 365

Kt = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80X SAT) Ku=0. 81
FROZEN DRY DENS. = B0 PCF, WATER CONT.= 61.6% C/L=,0062 L=30C7 KF=1,30

H3M = DRJECT LENGTH FOR MAY UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WRTER CONT.= 20.3%X (80% GAT) Ku=0. 81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61.6% C/L=,0062 {=5037 KF=1.30

ROTACOVER AND WASTE PILE USE HERVE STRAIN, S = 40%, 95X OF MAX L
HEAVE FRRCTION NOT RECOVERED ON THIWING, F = 0.40,
LAMRDA#SORIN-FACTOR] = .48 (AVE) .00 (SD)
ESTIMATES USE MOD. BERGGIEN EQU. W/ KERSTEN KF'S AND + 0X - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0.00

FRY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT URFREEZING FROM Hi (FOR Hi PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DBJECTS HAVING (X-A) ( 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE {+ OR - CVX) 0F YEARS YO UPFREEIE THRU COVER
LBOND = { STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ABSCLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIARILITY (PROBABILITY) UP, YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

FT 'EG#DAYS PROR. -—————— YEARS —-———-—- PROR.X  YEARS FT  YEARS

HY “YCAVGECVX FPAVGACVX  FPY  UP.YRS CVX LBOND ABD R100 DELTA H3™ DELTA

1.0 803 14 .597 24.8 2 7% 5.7 71 63 0.00 18 .1 18

1.1 971 15 406 36.6 3 101 12.4 88 69 53.44 33 .1 33

1.2 1156 14 ,248 47.8 5 151 22.9 116 73 94.32 68 .1 67
1.3 1356 14 .138 57.7 11 263 36.4 167 81 98.40 155 .1 155

1.4 1573 14 .071 65.9 Foe] 533 50.2 266 88 99.49 387 .1 385

1.5 180f 14 .034 72.6 62 1240 61.9 472 94 99,88 1026 .1 1023

1.6 2055 14 .016 78,0 164 3187 70.3 928 100 100.0¢ 2867 .1  28%8

1.7 2319 14 ,007 82.2 459 8784 77.4 1983 106 100.00 8328 .1 830!

1.8 2600 14 .003 BS.6 1332 25413 82.2 4519 113 100.00 24331 .1 2485t

1,9 2897 14 .00f 88.2 3383 76059 85.8 10804 119 100.00 76360 .1 76117

2.0 3210 14 ,000 30.3 12218 233172 88.5 26774 125 100.00 237865 .1 237121

2.1 3539 14 .000 92.0 38033 727108 90.6 68173 131 100.00 730007 .1 747719

2.2 3884 14 ,000 93.4 12000! 2294330 92.3 %177233 138 100.00 23B4476 .1 237740
2

2.3 4246 14 ,000 94.4 381516 7296561 93.6 XARBORS 144 100,00 7619946 .1 759797
S

2.4 4623 14,000 95.3 21219130 23312950 94.6 %12503323 150 100.00 X24412840 .1 %
24344750

2.5 S0i6 14 .000 96.0 %3306034 51804870 35.2 %2467635 156 100.00 x32571010 .1 %
575210



S=40% F=0.50

THERMAL AND UFFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEISY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#er##+ YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS sw#sis

ORJECTS HAVE (X - A) = (.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LORD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 365

Hl = DEPTH OF COVER ABOVE OBJECT, STARTING AT Hi=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WARTER CONT.= 20.3%X (80X SAT) KuU=0. 81
FROIEN DRY DENS. = 60 PCF, WRTER CONT.= 6!1.6% C/L=,0062 L=5057 KF=1.30

H3¥ = ORJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WRSTE PILE OF SOIL--HAVING:

UNFRCZEN DRY DENS.=10C PCF, WRTER CONT.= 20.3% (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61.6% C/L=.0062 L=3057 KF=1,30

BOTR~OVER AND WASTE PILE USE HEAVE STRAIN, S = 40%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0,50,
LAMBDA*SGRIN-FACTORY = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGPEN EQU. W/ KERSTEN KF'S AND + 0% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K1.F AND K3.F, Ri.3=0,00

FPY = AVE YEARS TD FIRST FROST PENETRATION TO DERTH H1 AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FCR OBJECT UPFREEZING FRDM H1 (FOR H! PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN Ha3,
CONSERATIVE FOR ALL DEBJECTS HAVING (X-R} ( 0.10 FT
FOR H1=TCT: UC.YRS IS AN ESTIMATE (« OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = { STRNDARD DEVIATION LCWER BOUND (LB),
ABD = ABOND = ABSOLUTE LB FOR HERVE STRRIN, UNRECOVER FACTOR AND EPS.LUF
R100 = EST'ED RELIARILITY (PROBRBILITY) UP.YRS EXCEEDS 100 YERRS

COVER THERMAL PROFERTIES IN H3 (R1.3=1) WST'PILE

FT EG#DAYS  PROB. -———— YEARS ———————— PROB.X  YEARS FT  YEARS
H! “YCAVGACVX FPAVGECVX  FPY  UP.YRS CVX  LBOND ABD R100 DELTR H3M DELTA
1.0 803 14 ,597 24.8 2 61 5.7 57 50 0.00 14 .1 14
1.1 971 14 ,406 36.6 3 8! 12.4 71 33 279 26 .1 26
1.2 1156 14 .248 47.8 5 121 22.9 93 &0 78.56 54 o4
1.3 1356 14 .138 57.7 1 210 36.4 134 65 95.25 124 .1 124
1.4 1573 14 .071 63.9 28 427 50,2 213 70 98.36 09.1 308
1,5 1806 14 .034 72.6 62 992 61.9 378 75 9.4 821 .1 813
1.6 2055 14 .016 78.0 164 2549 70.9 742 80 93.81 2293 .1 2286
1.7 2319 14 ,007 82.2 459 7027 77,4 1587 85 39.95  6EG2 .1 664!
1.8 2600 14 ,003 85.6 1332 20331 82.2 3615 90 99.99 19945 .f 1988!
1.9 2837 14,001 88.2 3983 60847 BC.8 B643 95 100.00 61088 .1 60894
2.0 32i0 14 ,000 90,3 12218 1BES3B 88.5 21420 100 100,00 190292 .1 189697
2.1 3533 14,000 92.0 38053 5B8!687 30.6 54544 105 100,00 600006 .1 598175
2.2 3884 14,000 93.4 120001 1832480 92.3 X141791 110 100.00 1907581 .1 190132
t

2.3 4246 14 ,000 94.4 381516 5837249 93.6 %X374454 115 100.00 6035957 .1 607838
0

2.4 423 14 .000 95.3 21219190 18630360 94.6 %1000746 120 100,00 %19530270 .1 %
19475800
2.5 3016 14,000 9E.0 %3306034 41443300 95,2 %1974108 125 100.00 X26056810 .1 %
26060220



8=50% F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZIZY — 04-08-13987
MANVILLE WAUMEBAN, ILL PLANT WASTE PILE
strexe YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ssiss

DBJECTS HAVE (X - A} = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKMNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = B7C MEAN = 935 SD.IN=.36%

Hi = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] —— FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20, 3% (80% 5AT) KU=0. 81
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80,71 C/L=.0057 L=CS22 KF=!.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (80% SAT) Ku=0. 81
FROZEN DRY DENS. = 50 PCF HWATER CONT.= 80.7% C/L=,0037 L=0023 KF=l.42

BO™-COVER AND WASTE PILE USE HEAVE STRAIN, § = 50%, 95% OF MAX L
HEAVE FRACTIDN NOT RECOVERED DN THRWING, F = 0.10,
LAMBDAESQRIN-FACTCRY = .48 (RVG) .00 (SD)
ESTIMATES USE ¥OD. BERGSREN ERU. W/ KERSTEN KF'S AND ¢ (% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST FENETRATION TO DEFTH H1 AND RETURN PERIOD
UP, YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM M1 {(FOR H1 PROFS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN ORJECT IN H3.
CONSERATIVE FOR ALL DRJECTS HAVING (X-A) ( 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV%) OF YEARS TO UPFREEIE THRU COVER
LBOND = { STANDARD DEVIATION LOWER BOUND (LR),
ABD = RBOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBARILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'RILE
FT  TEG#DAYS PROR. -—-——— YEARS ————— FROB.X YEARS FT  YEARS
HI “~rCRVGRCVX FPAVGECVE  FPY  UP.YRS CVX LBOND ABD R100 DELTA H3M DELTA

1.0 925 14 .454 33.5 2 282 10.6 252 200 100,00 9.1 92
1.1 1113 14,275 45.7 5 427 21.2 336 220 100.00 198 .1 197
1.2 1332 14 .149 56.6 10 765 35.4 494 240 100.00 478 ¢ 476
1.3 1363 14,073 63.6 24 1639 50.2 816 260 100,00 1271 .1 1267
1.4 1813 14,033 72.8 64 4035 62.6 1530 280 100.00 3641 .1 3628
1.5 208: 14 .014 78.5 182 11435 71.9 3214 300 100,00 11039.1 10998
1.6 2368 14,006 82,9 552 34427 78,5 7392 320 100,00 34945 .1 34814
1.7 2673 14 .002 86.3 1747 109035 83.3 18203 340 100.00 11427) .1 113847
1.8 2997 14 .00! B9.0 5714 357535 B86.8 47119 360 100.00 382728 .1 381333
1.9 3339 14 .000 91.1 19136 1200342 89.5 %126542 380 100.00 1304086 .1 (29344
0

2.0 3699 14 .000 92,7 65205 4101074 91.5 %X345252 400 100.00 4496179 .1 448060
i

2.1 4079 14 .000 94.0 224803 14158240 33.1 2983867 420 100,00 X15618150 .1 %155

2.2 H476 14 .000 95.0 780906 49202810 94,3 %2814283 440 100,00 x54470930 .1 %54
224C70

2.3 4893 14 .000 95.8 %2723563 X1281C5000 95,1 XE329062 460 100.00 %103233400 .
1 %103345300

2.4 3327 14 ,000 93.5 X5166669 %234686400 94,9 %12026730 480 100. 00 %109833500
.1 %1038685300

2,5 5780 14 .000 82.1 XS431672 1354152600 92.3 X27127720 500 104,00 %123034300
.1 %129196300



§=501 F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZISY — 04-08-13687
MANVILLE WAUKEGAN, ILL PLANT WRSTE PILE
#x###% YEARS TO UPFREEIE OBJECTS THRU COVER — PRELIMINARY RESULTS #eess

OBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE——BOTTONM OF COVER OF TOTAL THICHNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 365

H1 = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI1=TCT {FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=10C PCF, WATER CONT,= 20.3% (80% 5AT) KU=0. 81
FROZEN DRY DENZ, = 50 PCF, WATER CONT.= 80.7% C/L=,0037 L=0023 KF=1,42

H3M = OBJECT LENGTH FCR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3X (80% SAT) Ku=0. 81
FROZEN DRY DENS, = 50 FCF WATER CONT.= 80.7% C/L=.0057 L=3523 KF=1.42

BON—<OVER AND WASTE PILE USE HERVE STRRIN, 5§ = 50%, 95% OF MAX L
HEAVE FRACTIDN NOT RECOVERED ON THAWING, F = 0.20,
LAMBDAXSRRIN-FACTCRI = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25X ERROR IN KP'S
CORRELATION COEFFICIENT BETWEEN K{.F AND K3.F, Ri.3=0.00

FPY = AVG YERRS TO FIRST FROST PENETRATION TG DEPTH Hi AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR DBJECT UPFREEZING FROM HI (FOR H1 PROPS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3,
CONSERATIVE FOR ALL OBJECTS HRVING {X-R) { 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LROND = 1 STRNDARD DEVIATION LOWER BDUND (LB),
ABD = ABOND = AESOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBARILITY} UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE
FT  DEG#DAYS PROB. — YERRS —— PROB.%  YERARS FT  YERRS
1 ~cRVGECVX FPRVGECVA  FPY  UP.YRS CVX LBOND ABD RI10O DELTA H3M DELTA
0 925 14 .454 33.5 2 141 10.6 126 100 100.00 46 .1 46
1 1113 14,275 45.7 3 213 21.2 168 110 100.00 N .1 38
2 1332 14 .149 56.6 10 382 35.4 247 120 100.00 239 .1 238
3 1563 14 .073 65.6 24 820 50.2 408 130 100.00 636 .1 633
4 1813 14 .033 72.8 64 2048 B2.6 765 140 100.00 1821 .1 1814
.5 208! 14 .014 78,5 182 5718 71.9 1607 130 100.00 3519 .1 54™
6
7
8
9
Y

H
1.
1.
1.
1.
1.
1
1.6 2368 14 006 82,9 552 17214 78.5 363 160 100.00 17472 .1 17407
1.7 2673 14 .002 86.3 1747 54517 83.3 9101 170 100.00 S7135 .1 56324
1.8 2997 14 .001 8.0 S714 178767 86.8 23560 180 100.00 191365 .1 19066
1.9 3339 14,000 9t.1 19136 60047 83.5 63271 190 100.00 652043 .1 649720
2.0 3699 14,000 92.7 65205 2050537 91.5 X174626 200 100,00 2248087 .1 224030
1
2.1 4079 14 .000 94.0 224803 7079120 93.1 ¥491934 210 100,00 7803076 .1 778287
4
2.2 4476 14 .000 95.0 780306 24501410 94.3 X1407141 220 100.00 %27235500 .1 %27
157040
2.3 4893 14,000 95.8 %2723563 64052500 95.1 X3164531 230 100.00 ASI666690 .1 ¥
51672950
2.4 5327 14 .000 93.5 XS1EGEET %117344200 94.9 ¥6013365 240 100,00 54916730 .1
154934450
2.5 5780 14 .000 B2.1 XS431672 %177076300 92,3 %135E3860 250 100,00 XEAS4THE0 .
1 264598150



§=50% F=0.30

THERMAL AND UFFREEZING ANALYSIS ESTIMATES -- PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
w458+ YEARS 70 UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #is#ss

OBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF)} STRARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TCTAL THICKNESS = TCT

THERMAL LDAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=, 365

Hl = DEPTH OF COVER RBOVE OBRJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SCIL
UINFROZEN DRY DENS.=100 PCF, WRTER CONT.= 20, 3% (80% SAT) KU=0, 81
FRCZEN DRY DENS. = 350 PCF, WATER CONT.= 80.7% C/L=.0057 L=8523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:

H3 = WASTE PILE OF SOIL--HAVING:

UNFRCZEN DRY DENS.=100 PCF, WATER CONT.= 20, 3% (80X SAT) Ku=0. 81
FROZEN DRY DENS. = 50 PCF WATER CONT.= B80.7% C/L=.0057 L=3523 KF=1.42

BOTR-COVER AND WASTE PILE USE HEAVE STRAIN, S = 50%, 95% OF MAX L
HEAVE FRACTION NCT RECOVERED ON THAWING, F = 0. 30,
L AMBDA*SGRIN-FACTCR] = .48 (AVG) .00 (SD)
ESTIPATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0% - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki.F AND K3.F, Ri.3=0.00

FPY = RVE YEARS TQ FIRST FROST PENETRATION 7O DEPTH H1 AND RETURN PERIOD
UP. YRS = ESTIMATED YERRS FOR ORJECT UPFREEZING FROM Hi (FOR HI PROFS IN H3) BUT
CORRECT UP.YRS FOR DIFFERENCE IN DELTAR'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DBJECTS HAVINE (X-A) ( 0.10 FT
FOR HI=TCT: UP.YRS IS AN ESTIMRTE {+ OR - CV&) OF YEARS TO UPFRZEZE THRU COVER
LROND = 1 STANDRRD DEVIATION LOWSR BOUND (LB),
RBD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UR.YRS EXCEEDS 100 YERRS

COVER THERMAL PROPERTIES IN H3 (R1.3=}) WST'PILE

T XE#DAYS PROB. --————— YEARS -—- PROB.X  YEARS FT  YEARS
Hl “YCAVGICVX FPAVGECVA  FPY  UP.YRS CVx LBOND ABD R100 DELTA H3M DELTA
1.0 925 14 ,454 33.5 2 84 10.6 B4 67 27.54 31 .1 31
1.1 1119 14 ,275 45.7 S5 142 21,2 112 73 82.73 66 .1 66
1.2 1332 14,149 6.6 10 255 35.4 165 80 98.28 159 .1 159
1.3 1563 14 .073 62.6 24 546 50,2 272 B7 93.48 424 .1 422
1.4 1813 14,033 72.8 b4 1365 82.6 510 93 99.89 1214 .1 1209
1.5 2081 14 .014 74,5 182 3812 71.9 107! 100 100.00 3680 .1 3665
1.6 2368 14 ,006 82.9 552 11476 78.5 2464 107 100.00 11648 .1 11605
1.7 2673 14 .002 86.3 1747  3£345 83.3 6068 113 100.00 38030 .1 37949
1.8 2997 14 .001 89.0 5714 119178 86.8 15706 120 100.00 127276 .1 127111
1.9 3339 14,000 91.1 19136 400314 89.5 42181 127 100.00 434695 .1 433147
2.0 3699 14 ,000 82,7 65205 1367025 91.5 %116417 133 100,00 1498726 .1 149353
4

2.1 4079 14 000 94.0 224803 4719414 93.1 %327956 140 100,00 S20£05! .1 S1B8%8
3

2.2 4476 14 ,000 95.0 780906 16400940 94.3 %538094 147 100,00 %X18157000 .1 %180
58020

2.3 AB33 14 000 95.8 %27235E3 42701670 9.1 %2103588 153 100,00 X34444460 ,1 %
34448630

2.4 0327 14 .000 93,5 %5166669 78229480 94,3 %4008910 160 100.00 X36E11150 .1 X
36622370

2.5 5780 14,000 B2, 1 %3491672 X1180309300 52,3 %3042571 167 100.00 %43031640 .1
%43065430



S=50%  F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZSY — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
#+¥e# YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS #iss

OBJECTS HAVE (X - R) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOR OF WASTE PILE--BCTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = B75 MEAN = 930 SD.LN=. 365

H! = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20,3% (80% SAT) Ku=0. 81
FROIEN DRY DENS. = 350 PCF, WRTER COWT.= 80.7% C/L=,0057 L=0533 HKF=l.42

H3M = ORJECT LENGTH FOR MAX UPFREEZE, STRARTING IN:

H3 = WRSTE PILE OF SOIL--HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3% (B0% 5RT) Ku=0. 81
FROZEN DRY DENS. = 350 PCF WATER CONT.= 80.7X C/L=.0037 L=8323 KFr={.42

EI™wOVER AND WASTE PILE USE HERAVE STRAIN, § = 50%, 95% OF MAX L
HERVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LAMEDR*SARIN-FACTOR) = .48 (AVG) .00 (5D}
ESTIMATES USE MOD. BERGGRZN EQU. W/ KERSTEN KF'S AND + 0OX - 25% ERROR IN KF'S
CORRELATION COEFFICIENT EETWEEN KI1.F AND K3.F, R!.3=0.00

FPY = AVG YEARS TD FIRST FROST PENETRATION TO DEPTH H! AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR Hi PROPS IN H3) BUT
€ORPECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL DBJECTS HAVING (X-A} ¢ 0.10 FT
FOR H{=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV%) OF YEARS TO UPFREEZE THRY COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),
ABD = ABOND = ARSCLUTE LB FOP HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBRBILITY) UPR.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

FT  JEGsDAYS PROB. ———— YEARS —--——— PROB.%  YEARS FT  YEARS
H! ~+CAVGRCVE FPAYGECYVR  FPY  UP.YRS CViX  LBOND ABD R100 DELTA H3¥ DELTA
1.0 925 14 .454 33.5 2 71 10,6 63 S0 0.00 a3 .1 23
1.1 1119 14,275 45.7 5 107 21.2 84 55 62.36 49 .1 49
1.2 1332 14 ,149 56.6 10 191 35.4 123 60 93.56 19 .t 119¢
1.3 1563 14 .073 65.6 24 410 50.2 204 65 97.99 318 .1 317
1.4 1Bi3 14,033 72.8 64 1024 62.6 383 70 99.3! 910 .1 907
1.5 2081 {4 .014 78.5 182 2853 71,9 803 75 .73 270.¢1 2TS0
1.6 2368 14 .006 82.9  §%2 8607 78.5 1848 80 99.94 8736 .1  B704
1,7 2673 14,002 86.3 1747 27253 83,3 455! 85 99.99 28368 .1 28482
1.8 2397 {4,001 83.0 5714 85384 86.8 11780 90 100.00 95682 .1 95333
1.9 3339 14 .000 91.1 19{36 200236 83,5 31635 95 100,00 20 .1 324860
2.0 3699 14 ,000 92.7 65205 1025259 91.5 87313 100 100,00 1124045 .1 1120150
2.1 4079 14 .000 94.0 224803 3333560 33.1 X245367 105 100,00 3904538 .1 383143
1

2.2 4476 14 ,000 95.0 780306 12300700 94.3 703571 110 100.00 %13617750 .1 %135
73520

2.3 4893 14 .000 95,8 %2723363 32026250 9o.1 X1582266 115 100,00 %25833350 .1 ¥
25836480 .

2.4 5327 14 .000 92.S X5166R6T S8E72110 94.9 X3006E83 120 100,00 %27458370 .1 %
27467230

2.5 5780 14 .000 82,1 %5431672 88538150 92,3 ¥6781329 {25 100.00 %32273730 .1 %
32233080



S=30% F=0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEISY — 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE
ser#t YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ######

OBJECTS HAVE (X - AY = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE--BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL W/ MEDIAN = 875 MEAN = 93T SD.LN=, 365

H{ = DEPTH OF COVER ABOVE OBJECT, STARTING AT HI=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3%X (80% SAT) Ku=0. 81
FRCIEN DRY DENS. = S0 PCF, WATER CONT.= 80.7% C/L=,0057 L=8522 KF=1.42

H3¥ = ORJECT LENGTH FOR MAX UPFREEZE, STRRTING IN:

H3 = WRETE PILE CF SOIL--HRVING:

{NFROZEN DRY DENS.=100 PCF, WATER CONT.= 20, 3% (80% SAT) Ku=0. 81
FRCZEN DRY DENS. = 50 PCF WATER CONT.= 8,74 C/L=,0057 L=35523 KF=1.42

BOYRMCUVER AND WASTE PILE USE HEAVE STRAIN, S = 50%, 95% OF MAX L
VE FRACTION NOT RECCVERZD ON THAWING, F = 0.30,
LAMBDAESZRIN-FACTOR] = .48 (AVG) .00 (SD)
ESTIMATES USE MOD. BERGSREN EGU. W/ KERSTEN KF'S AND + (% - 20% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN KI.F AND K3.F, Rf.3=0,00

FRY = AYG YERRS TC FIRST FRGST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP, YRS = ESTIMATED YEARS FOR DRJECT UPFRETZZING FROM H! (FOR H! PROFS IN H3) BUT
CCRRECT UP. YRS FOR DIFFERENCE IN DLTA'S WHEN OBJECT IN HG.
CONSERATIVE FDR ALL DRJECTS HAVING (X-A) ( 0.10 FT
FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV%) OF YERRS TO UPFREEZIE THRU COVER
LEBCND = | STANDARD DEVIATION LOWER BOUND (LBI,
ABD = REOND = ARSCLUTE LB FOR HEAVE STRAIN, UNRECOVER FRCTOR AND EPS,UF
R10G = EST'ED RELIABILITY (PRGERBILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=1) WST'PILE

FT tG+DAYS PROB. ~————= YEARS —--——— PROE.X  YEARS FT  YERRS
Hl -TCAVGICVX FPAVGICVX  FRY  UP.YRS CVi LBOND ABD R100 DELTA H3¥ DELTA
1.0 925 14 .454 33.5 2 % 10.6 S50 &0 0.00 18 .1 18
{.1 1119 14 .275 45.7 3 85 21.2 67 &% 21.17 50 .1 33
1.2 1332 14 .149 56.6 10 153 35.4 99 48 B85.83 % .1 5
1.3 1383 14 .073 65.6 24 328 50.2 163 52 96.20 254 .1 233
1.4 1813 14,033 72.8 64 B19 2.6 306 56 98.71 128 .1 726
1.5 2081 14 .014 78,5 182 2287 71.9 643 60 99.57 2208 .1 2200
1.6 2358 14 ,006 82.9 T%2 6885 78.5 1478 64 99.87 6989 .1 6963
1.7 2673 14 .00c 86,3 1747 21807 83.3 3641 68 99,96 22854 .1 22783
1.8 2957 14,001 83.0 5714 71307 BE.B 9424 7 99.99 7EI4E .1 TeET
1,9 3339 14,000 91.1 (9136 240188 89.5 23308 76 100.00 260817 .1 253888
2.0 3699 14 ,000 92.7 63203 B2021S 91.5 69850 80 100.00 839236 .1 836120
2.1 4079 14 .000 94.0 224803 2831648 93.1 *196773 84 100,00 3123531 .1 311315
¢

2,2 4476 !4 000 95.0 780905 9B40TH2 94.3 XS62EST BB 100.00 %10834200 .1 %108
58810

2,3 4893 14 .000 95.8 %2723563 25621000 95.1 X1265813 92 100,00 %20656680¢ .1 X
20663180

2.4 5327 14 .000 93.5 XSIEEGET 46937690 94.9 %2405346 96 100,00 %21966630 .1 X
21973730
2.5 5780 14 .000 82.1 X5431672 70830520 92.3 %35425543 100 100,00 %25818330 .{ %
29833260

UPFREEZS RUN COMPLETE




